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Abstract 

The  purpose  of  this  research  is  to  support  the  final  development  of  the  Rigidizable 
Inflatable  Get-Away- Special  Experiment  (RIGEX).  The  RIGEX  program  is  an 
experimental  initial  step  in  developing  large-scale  rigidizable  inflatable  structures,  which 
can  be  utilized  in  space  applications.  The  primary  intent  of  RIGEX  is  to  verify  and 
validate  ground  testing  of  inflation  and  rigidization  methods  for  inflatable  space 
structures  against  a  zero-gravity  space  environment.  This  is  performed  by  designing  a 
Canister  for  All  Payload  Ejections  (CAPE)  experiment  to  collect  data  on  space  rigidized 
structures  for  validation  of  ground  testing  methods. 

The  results  presented  in  this  thesis  provide  documentation  needed  to  meet  the 
requirements  set  forth  by  the  National  Aeronautics  and  Space  Administration  (NASA)  for 
launching  a  payload  into  space.  This  thesis  establishes  a  process  for  appropriately 
ground  testing  the  components  of  RIGEX  in  an  environment  similar  to  space  and 
explains  future  testing  required.  Methods  for  charging  and  testing  the  performance  of  the 
onboard  inflation  system  are  also  discussed.  Additionally,  the  steps  taken  to  replace  the 
onboard  imaging  system  are  explained.  Throughout  the  course  of  assembling  the  RIGEX 
protoflight  model,  several  complications  were  encountered  and  the  design  was  modified, 
which  are  presented  along  with  an  as-built  final  assembly  drawing  package.  Lastly,  the 
procedure  for  handling  RIGEX  during  its  future  progression  is  illustrated. 
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FINAL  DEVELOPMENT,  TESTING,  AND  FLIGHT  PREPARATION  OF 


THE  RIGIZABLE  INFLATABLE  GET-AWAY-SPECIAL  EXPERIMENT 

(RIGEX) 


I.  Introduction 

Space  is  the  ultimate  high  ground;  the  final  frontier.  Space  exploration  offers  a 
wealth  of  opportunities  to  advance  technology,  promote  discovery,  and  advance 
humankind.  The  rapid  progression  of  the  scientific  and  engineering  feats  required  to 
reach  space  and  tap  into  its  abundant  resources  has  been  astounding.  However,  such 
lofty  attempts  are  still  limited  by  practical  considerations  such  as  weight,  cost,  and 
physical  dimension. 

Exploring  space  is  expensive,  and  as  payload  weights  increase,  costs  increase 
dramatically.  The  estimated  cost  of  launching  a  spacecraft  that  only  requires  a  small 
launch  vehicle  (5,000  lbs.  or  less)  from  the  United  States  to  Low-Earth  Orbit  (LEO)  is 
approximately  $13,000,000  to  $24,000,000  as  seen  in  Table  1-1.  The  projected  cost  of 
launching  a  spacecraft  with  a  heavy  launch  vehicle  (larger  than  25,000  lbs.)  to  LEO  is 
over  $300,000,000,  as  stated  in  Table  1-2 


1 


Table  1-1:  Small  Launch  Vehicles  (5,000  lbs.  or  less  to  LEO)  [9] 


i 

(1 

U 

--- 

1 

1 

s 

Vehicle  name 

Athena  2 

Cosmos 

Peqasus  XL 

Rockot 

Shtil 

START 

Taurus 

Countrv/Reaion  of  oriain 

USA 

Russia 

USA 

Russia 

Russia 

Russia 

USA 

LEO  capacity  lb  (kq) 

4.520  (2.065) 

3.300(1,500) 

976  (443) 

4.075(1,850) 

947  (430) 

1.392  (632) 

3.036(1.380) 

Reference  LEO  altitude 
mi  (km) 

115(185) 

249  (400) 

115(185) 

186  (300) 

124  (200) 

124(200) 

115(185) 

GTO  capacity  lb  (kq) 

1.301  (590) 

0 

0 

0 

0 

0 

988  (448) 

Reference  site  and 

CCAFS 

Plesetsk 

CCAFS 

Plesetsk 

Barents  Sea 

Svobodny 

CCAFS 

inclination 

28.5  deq. 

62.7  deq. 

28.5  deq. 

62.7  deq 

77-88  deq. 

51.8  deq. 

28.5  deq. 

Estimated  launch  price 
(2000  USS) 

$24,000,000 

$13,000,000 

$13,500,000 

$13,500,000 

S200.000* 

$7,500,000 

S19,000,000 

Estimated  LEO  payload 
cost  per  lb  (ka) 

$5,310  ($11,622) 

$3,939  (S8.667) 

$13,832  (S30, 474) 

S3, 31 3  ($7,297) 

$211  ($465) 

$5,388  ($11,687) 

$6,258  ($13,768) 

Estimated  GTO  payload 
cost  per  lb  (ka) 

$18,448  ($40,678) 

N/A 

N/A 

N/A 

N/A 

N/A 

$19,234  ($42,411) 

Table  1-2:  Heavy  Launch  Vehicle  (more  than  25,0001bs.  to  LEO)  [9] 


Vehicle  name 


Ariane  5G 


Long  March  3 B 


Proton 


Space  Shuttle 


Zenit  2 


Zenit  3SL 


Countrv/Reaion  of  origin 


Europe 


China 


Russia 


USA 


Ukraine 


Multinational 


LEO  capacity  lb  (kq) 


39,548(1.8,000) 


29r956  (13,600) 


43,524  (19,760) 


63,443  (28,803) 


30,264  (13,740) 


34,969(15,876) 


Reference  LEO  altitude 
km  (mill 


342  (550) 


124  (200) 


124  (200) 


127  (204) 


124  (200) 


124  (200) 


GTO  capacity  lb  (kg) 


14,994  (6,800) 


11,466  (5,200) 


10,209  (4,6300 


13,010(5,900) 


0 


I  I  ,576  (5,250) 


Reference  site  and 

inclination 


Kourou 
5.2  deg. 


Xi  chang 
28.5  deg. 


Baikonur 
51  6  deg. 


KSC 

28.5  deg. 


Baikonur 
51 .4  deg. 


Odyssey  Launch 
Platform 
0  deg. 


Estimated  launch  price 
(2000  US$1 


5165,000,000 


$60,000,000 


$85,000,000 


$300,000,000 


$42,500,000 


585,000,000 


Estimated  LEO  payload 
cost  i>er  lb  (kg) 


54,162  (59,167) 


$2,003  ($4,412) 


$1,953  ($4,302) 


54,729  ($10,416) 


$1,404  (53,093) 


$2,431  ($5,354) 


Estimated  GTO  payload 
cost  per  111  (kg) 


$11,004  (524,265) 


$5,233  ($11,538) 


58,326  (518,359) 


$23,060  ($50,847) 


M/A 


$7,343  (516,190) 


The  actual  size  of  the  spacecraft  is  limited  by  the  static  envelope  of  the  launch 
vehicle  and  also  directly  affects  the  cost.  There  have  been  several  major  developments  in 
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space  launch  capabilities  such  as  the  Evolved  Expendable  Launch  Vehicle  (EELV) 
program;  the  Atlas  V  and  Delta  IV.  The  heavy-lift  versions  of  Atlas  V  and  Delta  IV  both 
consist  of  three  cores  strapped  together  and  have  a  stretched  payload  fairing  of  5.4  m  and 
5.1  m  as  seen  in  Figure  1-1  and  Figure  1-2.  A  spacecraft’s  structure  cannot  exceed 
payload  fairing  width  unless  it  modifies  its  shape  once  in  orbit. 


Figure  1-1:  Evolution  of  the  Atlas  V  family  [15] 


Figure  1-2:  Evolution  of  the  Delta  IV  family  [15] 


Rigidizable  Inflatable  Get-Away- Special  Experiment  (RIGEX)  was  developed  by 
the  Air  Force  Institute  of  Technology  (AFIT)  to  address  these  of  weight  and  size  issues 
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limiting  spacecraft  today.  By  developing  structures  composed  of  rigidizable  inflatable 
material,  volume  and  mass  can  be  cut  down  without  having  to  sacrifice  size  or  capability, 
and  by  doing  so,  reducing  the  cost. 

1.1  Space  Motivation 

The  RIGEX  project  hopes  to  overcome  the  limitations  of  volume  and  weight 
restrictions  on  objects  placed  in  orbit  without  sacrificing  their  large  size  and  structural 
support.  Inflatable  structures  have  been  developed  and  tested  over  the  last  several 
decades,  and  enough  data  has  been  gathered  to  demonstrate  their  efficiency,  reliability, 
and  cost-saving  potential.  However,  inflatable  structures  have  yet  to  be  proven  in  the 
space  environment.  One  early  attempt  includes  an  aluminum  laminate  inflatable 
structure  configured  as  a  satellite  antenna,  shown  in  Figure  1-3. 


4 


Figure  1-3:  The  Inflatable  Antenna  Experiment  [13] 


The  RIGEX  project  hopes  to  not  only  advance  the  use  of  inflatable  structural 
elements  in  space,  but  to  take  advantage  of  the  properties  of  rigidizability  as  well.  The 
proprietary  material  used  in  RIGEX  only  requires  minimal  pressures  to  become  inflated. 
Once  deployed,  the  material  becomes  rigid,  and  no  longer  requires  pressurization  to 
maintain  structural  support.  Rigidity  without  pressurization  is  invaluable  in  reducing  the 
additional  costs,  weight,  and  complexity  that  would  be  otherwise  required  to  maintain  an 
inflated  structure  in  the  harsh  space  environment. 
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1.2  RIGEX  Overview 


The  RIGEX  program  is  an  initial  step  in  developing  large-scale  rigidizable 
inflatable  structures,  which  can  be  utilized  in  space  applications.  The  primary  intent  of 
RIGEX  is  to  confirm  that  methods  for  inflation  and  rigidization  of  inflatable  space 
structures,  proven  in  initial  ground  testing,  are  valid  in  flight.  Data  on  the  modal 
properties  and  deployment  performances  of  three  rigidizable  inflatable  tubes  in  the  space 
environment  will  be  analyzed  and  compared  to  data  gathered  in  the  AFIT  lab. 

The  rigidizable,  inflatable  tubes  were  designed  and  manufactured  by  L’Garde 
Inc.,  located  in  Tustin,  California.  The  tubes  are  composed  of  a  proprietary  composite 
material  made  from  carbon  fibers  coated  with  a  polyurethane  based  resin.  On  each  end 
of  the  tubes  are  aluminum  caps,  one  end  has  an  opening  while  the  other  is  completely 
sealed.  The  surface  of  the  tubes  is  also  lined  internally  and  externally  with  Kapton  tape. 
These  tubes  have  a  glass  transition  temperature  (Tg)  of  125°  Celsius  (C).  When  the  tubes 
are  heated  above  this  temperature,  they  become  malleable,  and  below  this  temperature 
they  become  stiff.  Hence,  the  rigidized  configuration  of  the  tube  is  also  known  as  Sub- 
Tg.  A  picture  of  these  tubes  in  both  configurations  can  be  seen  in  #1  and  #4  of  Figure 
1-4. 
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The  tubes  are  provided  by  L’ Garde  in  a  stowed  configuration  using  a  z-fold  as 
seen  in  #1  of  Figure  1-4.  The  tubes  are  secured  to  the  RIGEX  structure  at  the  cap  with 
the  open  end,  which  is  where  two  piezoelectric  patches  are  placed  opposing  each  other. 
At  other  end,  an  accelerometer  is  attached  and  left  free  in  a  cantilevered  configuration. 
In  the  stowed  configuration,  the  tubes  are  enclosed  by  an  oven  onboard  RIGEX  (#2  of 
Figure  1-4).  The  doors  on  this  oven  are  kept  closed  with  a  spring-loaded  latch  controlled 
by  an  electrically  actuated  shape  memory  alloy  pin-puller. 

The  concept  of  operation  is  a  sequence  of  five  events,  which  are  depicted  in 
Figure  1-4.  First,  the  tube  is  heated  in  the  oven  to  125°C.  Once  the  tube  reaches  its  Tg 
the  oven  shuts  off.  Simultaneously  the  pin  puller  activates,  releasing  the  latch  holding 
down  the  oven  doors,  and  the  tube  is  inflated  with  gaseous  nitrogen.  As  the  tube  deploys, 
the  pressure  inside  the  tube  and  temperature  is  recorded  with  pressure  transducers  and 
thermocouples.  Digital  photographs  are  also  taken  for  further  documentation.  Pressure 
is  maintained  in  the  tube  while  it  cools.  After  the  temperature  drops  below  125°C,  the 
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tube  becomes  rigid,  and  the  nitrogen  is  vented.  Finally,  the  onboard  computer  signals 
activation  of  the  piezoelectric  patches  at  the  base  of  the  tube,  subjecting  the  tube  to 
vibratory  forces  that  are  recorded  by  the  accelerometer  on  the  free  end.  The  entire 
process  is  then  repeated  for  the  next  tube,  until  all  three  tubes  have  been  deployed.  All 
the  data  gathered  during  the  experiment  is  stored  internally  on  a  PC- 104  computer  board, 
except  for  the  images,  which  will  be  stored  separately  to  three  different  memory  cards. 

RIGEX  was  originally  intended  to  fit  into  the  National  Aeronautics  and  Space 
Administration  (NASA)  Get-Away-Special  (GAS)  canister.  In  2004,  NASA  decided  to 
discontinue  the  use  of  the  GAS  canister  as  payload  bay  container  for  future  Space  Shuttle 
missions.  In  conjunction  with  the  Department  of  Defense  (DOD)  Space  Test  Program 
(STP),  Muniz  Engineering  Incorporated  developed  the  Canister  for  all  Payload  Ejections 
(CAPE),  which  is  shown  in  Figure  1-5.  CAPE  was  created  in  the  response  in  the  need  for 
“a  single  ejecting  platform  capable  of  ejecting  payloads  with  requirements  that  are  not 
compatible  with  current  NASA  developed  ejection  systems  [24].”  RIGEX  was 
redesigned  to  mount  in  CAPE  with  the  CAPE  Mounting  Plate  custom  designed  by  AFIT. 
Overall,  the  change  from  using  the  GAS  canister  to  the  CAPE  canister  was  beneficial  to 
the  RIGEX  design  because  of  increased  weight  limits  and  an  enlarged  usable  dimensional 
envelope. 
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Figure  1-5:  Canister  for  All  Payload  Ejections  [12] 


The  physical  configuration  of  RIGEX  is  shown  in  Figure  1-6.  The  experiment  can 
be  fitted  with  eight  lifting  handles  that  will  be  used  during  ground  movement,  but  must 
be  removed  before  flight.  The  experiment  will  attach  to  CAPE  with  a  1.5”  thick 
aluminum  plate,  which  has  a  cut-out  for  the  cables  that  attach  to  the  power  distribution 
plate  (PDP)  and  ground  lug  inside  RIGEX.  These  cables  connect  to  the  shuttle  to  provide 
power  for  the  experiment.  Inside  the  experiment,  there  are  five  sections;  four  outer  bays 
of  similar  size  and  one  bay  in  the  center.  Three  of  the  outer  bays  contain  identical 
hardware:  a  rigidizable  inflatable  tube  inside  an  oven,  four  oven  controllers,  latching 
mechanism  for  the  oven  with  a  pin  puller,  a  camera  with  two  LEDs  for  illumination,  and 
appropriate  instrumentation.  The  fourth  bay  consists  of  the  flight  computer  along  with 
the  PDP  that  provides  power  to  the  experiment.  The  central  bay  contains  the  inflation 
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system,  which  consists  of  three  pressure  vessels  and  other  associated  pressure  hardware. 
The  entire  experiment  is  housed  in  a  shroud,  which  contains  the  internal  components  that 
could  come  loose  during  launch  or  reentry. 


LED 


Camera 


Experiment  Top  Plate 
Lifting  Handle 

CAPE  Mounting  Plate 

Connector  Hole  Cover 
hroud 


Stabilizing  Feet 

Thermoplastic  Composite 

Oven  Latch 
Oven 

Pin  Puller 


Transformer 

Bumper  'Oven 
Rih*  Mounting 

Power  Distribution  Plate 

Computer  Mounting  Plate 
Computer 


Figure  1-6:  The  Physical  Layout  of  RIGEX  [11] 


1.3  Experiment  Objectives 

The  RIGEX  mission  has  been  the  same  since  it  was  first  formed  by  DiSebastian 
when  he  began  research  on  the  project.  The  mission  statement  of  the  RIGEX  payload,  as 
presented  in  DiSebastian’ s  thesis,  is  to  “verify  and  validate  ground  testing  of  inflation 
and  rigidization  methods  for  inflatable  space  structures  against  a  zero-gravity  space 
environment  [7].” 

In  order  to  meet  DiSebastian’s  mission  statement,  the  primary  objective  of 
RIGEX  is  as  follows: 
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•  Design  a  Canister  for  All  Payload  Ejections  (CAPE)  experiment  to  collect  data  on 
space  rigidized  structures  for  validation  of  ground  testing  methods. 

Meeting  this  objective  is  essential  for  mission  success,  but  is  not  the  only  objective  of 
RIGEX.  Secondary  objectives  identify  the  tasks  required  to  improve  the  quality  of  the 
experiment.  These  secondary  objectives  are  as  follows: 

•  Return  inflated/rigidized  structures  to  the  laboratory  for  additional  testing 

•  Enable  application  of  rigidized  structures  to  operational  space  systems 

•  Implement  systems  engineering  principles  into  experiment’s  design 

Even  though  minor  changes  have  occurred  to  these  objectives  as  the  program  matured, 
they  essentially  remain  the  same  as  goals  stated  by  DiSebastian  in  2001. 

The  purpose  of  RIGEX  is  defined  by  these  objectives,  yet  the  development  of  the 
project  is  guided  by  other  constraints.  These  constraints  primarily  involve  the  method  of 
transportation  to  space.  Since  the  data  being  recorded  from  the  experiment  will  not  be 
transmitted  back  to  the  shuttle  or  streamed  real-time  to  ground  support,  the  RIGEX 
payload  must  be  recovered  in  order  to  process  the  data.  This  narrows  the  possible  launch 
vehicle  for  RIGEX  down  to  the  space  shuttle,  which  dramatically  increases  requirements 
due  to  crew  safety  concerns. 

1.4  Thesis  Summary 

This  thesis  implements  the  final  design  that  is  used  to  fabricate  a  protoflight 
model  of  RIGEX  and  provides  necessary  documentation  in  support  of  the  attempt  to  meet 
the  qualification  requirements  for  launch  into  space  set  forth  by  NASA. 


11 


The  original  work  covered  by  this  thesis  includes  design  and  procedural 
developments.  The  design  developments  include  the  integration  of  the  new  data  imaging 
system  and  the  completion  of  the  final  drawing  package  of  RIGEX.  The  procedural 
developments  discussed  include  the  thermal  vacuum  (TV AC)  testing  plan,  the  process  for 
charging  the  inflation  system  and  the  details  of  handling  and  configuring  RIGEX  for 
transportation. 

While  Chapter  1  supplied  an  explanation  of  the  concept  and  purpose  behind 
RIGEX,  Chapter  II  describes  in  detail  the  evolution  of  the  RIGEX  program.  Chapter  II 
provides  information  on  the  research  completed  by  each  student  at  AFIT  that  has 
previously  worked  on  RIGEX.  The  key  contributions  made  by  these  students  are 
highlighted  in  this  to  convey  an  overall  image  of  the  growth  and  condition  of  the  project 
before  the  final  developments  recorded  in  Chapter  III. 

Chapter  III  documents  the  required  modifications  made  to  the  RIGEX  design. 
This  chapter  covers  alterations  made  to  the  computer  aided  drafting  (CAD)  model  of 
RIGEX  to  produce  a  final  CAD  drawing  package  of  the  overall  assembly.  A  majority  of 
these  changes  made  were  to  the  previously  designed  structure  of  the  RIGEX  assembly 
because  internal  components  were  upgraded  and/or  relocated.  In  particular,  the  entire 
digital  imaging  system  was  replaced.  The  detailed  steps  taken  to  complete  this  task  are 
also  discussed  in  Chapter  III. 

Chapter  IV  identifies  the  requirements  and  preparation  of  the  final  testing  of 
RIGEX  at  AFIT.  This  chapter  illustrates  the  purpose  and  process  of  testing  RIGEX  in  a 
space  like  environment  with  a  vacuum  chamber  and  thermal  variation.  This  chapter  also 
covers  the  components  of  the  final  inflation  system  onboard  RIGEX  along  with  the 
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methods  of  filling  and  testing  the  system.  Additionally,  the  apparatus  devised  to 
effectively  fill  the  inflation  system  by  creating  an  internal  vacuum  is  described. 

Chapter  V  concludes  the  document  by  presenting  the  decisions  made  to  address 
complications  encountered  during  the  overall  construction  of  the  protoflight  model  and 
discusses  the  future  phases  of  the  RIGEX  project.  These  future  phases  include  the  final 
testing  required  for  RIGEX  and  transportation  between  AFIT  and  the  space  centers  in 
Texas  and  Florida.  The  proposed  ground  flow  at  these  locations  along  with  the  steps  to 
handle  RIGEX  between  its  different  configurations  is  also  described. 
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II.  RIGEX  History 


Since  its  inception  in  2000,  several  analyses  have  been  presented  by  AFIT 
students  who  have  dedicated  their  research  to  the  development  of  the  RIGEX  project. 
Through  their  efforts,  RIGEX  has  evolved  from  its  preliminary  design  into  the  fully 
analyzed  protoflight  model  that  this  thesis  presents.  To  appreciate  this,  these  initial 
efforts  must  first  be  recognized. 

2. 1  DiSebastian  [7] 

The  RIGEX  project  was  created  with  initial  research  completed  by  AFIT  student 
Captain  John  DiSebastian.  DiSebastian  developed  a  preliminary  design  for  testing  the 
rigidizable  inflatable  tubes,  working  along  with  L’ Garde  Incorporated  and  Defense 
Advanced  Research  Projects  Agency  (DARPA).  This  initial  design  incorporated  eight 
subsystems,  including  the  mechanical  structure,  inflatable  structure,  inflation  system, 
rigidization  system,  electrical  power  system,  command  and  control,  data  handling  and 
sensors.  For  each  subsystem,  DiSebastian  determined  a  preliminary  component  selection 
and  layout.  This  experimental  configuration  became  the  core  blueprint  for  the  overall 
RIGEX  assembly.  This  initial  design,  shown  in  Figure  II- 1,  was  intended  for  integration 
in  the  GAS  canister,  which  was  previously  used  in  the  space  shuttle  program. 
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Figure  II- 1:  DiSebastian’s  Preliminary  Design  [7] 

In  order  to  devise  a  profile  for  effectively  testing  the  rigidizable  inflatable  tubes, 
DiSebastian  began  by  analyzing  system  engineering  (SE)  approaches  commonly 
employed  in  the  engineering  community.  These  SE  approaches  included  the  Space 
Mission  Analysis  and  Design  (SMAD)  model,  the  Institute  of  Electrical  and  Electronic 
Engineers  (IEEE)  model  and  the  Hall’s  model.  After  thorough  consideration,  the  SMAD 
model  from  NASA  was  ultimately  chosen.  In  addition,  DiSebastian  performed  analyses 
for  the  potential  data  storage,  weight,  and  cost  of  RIGEX  as  the  project  develops. 
DiSebastian  concluded  his  work  with  a  concept  of  the  experimental  operation  during 
flight.  This  set  of  events  is  described  in  a  Main  Event  Calendar,  depicted  in  Table  1-1. 
Ultimately,  DiSebastian  is  responsible  for  laying  the  foundation  for  further  development 
of  the  RIGEX  project  by  defining  the  mission  statement,  objectives,  requirements,  and 
constraints. 
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Table  II- 1:  DiSebastian’s  Main  Event  Calendar  [7] 

Event  Description 

1  Activate  environmental  heaters  at  50,000  feet 

2  Shuttle  crew  activates  experiment 

3  Computer  boot-up  &  diagnostic 

4  Reset  primary  timer  to  Zero 

5  Activate  Environmental  sensors 

6  Check  failsafe  hie  and  skip  to  appropriate  point  of  experiment 

7  Begin  inflation  process  (inhate  3  tubes  sequentially) 

8  Begin  venting  process  (vent  3  tubes  sequentially) 

9  Begin  excitation  process  (excite  3  tubes  sequentially) 

10  Deactivate  environmental  sensors 

11  Mark  final  failsafe  point 

12  Shutdown  computer 

13  Shuttle  crew  deactivates  experiment 


2.2  Single  [30] 

The  second  AFIT  student  to  the  continue  work  on  RIGEX  was  Captain  Thomas 
Single.  Single  conducted  the  first  experimental  analyses  for  RIGEX  focusing  on  tube 
characterization  and  vibration  testing.  Single  performed  ground  testing  of  the  rigidizable, 
inflatable  tubes  that  serves  as  a  basis  for  comparison  for  the  tubes  in  the  zero-gravity 
space  environment,  which  is  an  essential  requirement  dictated  in  the  mission  statement 
presented  by  DiSebastian. 

Single  conducted  analyses  on  the  characteristics  of  the  rigidizable,  inflatable 
tubes  with  three  50”  long  and  six  20”  long  samples  supplied  from  L’ Garde  Incorporated. 
Unique  imperfections  were  discovered  and  documented  for  each  of  these  sample  tubes. 
The  seam  on  the  tubes  appeared  to  add  a  slight  amount  of  stiffness,  which  was  due  to  the 
manufacturing  process  of  joining  the  two  ends  of  the  carbon  composite  to  form  the  tube. 
After  further  testing,  the  orientation  of  this  seam  proved  to  be  insignificant.  Other 
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irregularities  in  the  tubes  included  height,  diameter,  weight,  and  surface  properties. 
Some  of  these  properties  are  displayed  in  Table  II-2.  The  short  tubes  are  denoted  with  an 
“S”  and  “L”  for  the  long  tubes.  Notice  the  absence  of  tubes  SOI  and  L02;  this  is  due  to 
their  severe  imperfections.  These  imperfections  caused  excessive  leaking  when 
pressurized  and  had  to  be  removed  from  testing. 

Table  II-2:  Single’s  Analyses  of  Tube  Physical  Properties  [30] 


Tube 

Property 

Average 
Diameter  (in) 

Mass  (g) 

S02 

1.55 

199.13 

S03 

1.57 

194.90 

S04 

1.42 

197.79 

S05 

1.53 

190.34 

S06 

1.38 

197.64 

L01 

1.43 

245.02 

L03 

1.59 

247.25 

After  the  imperfections  were  identified  on  each  of  the  test  tubes,  Single  conducted 
a  series  of  three  sets  of  vibration  tests.  The  primary  intent  of  these  tests  was  to  accurately 
determine  the  modal  properties  (natural  frequency  and  damping  coefficients)  of  the  tubes 
at  various  temperatures  and  internal  pressure  levels.  The  first  set  of  vibration  tests  were 
conducted  in  ambient  conditions  using  the  vibration  facility  shaker  at  AFIT.  These  tests 
were  conducted  at  varying  internal  tube  pressures.  These  tests  verified  the  proportional 
relationship  between  the  tube  length  and  natural  frequency.  The  longer  tubes  had  a  lower 
natural  frequency  than  the  shorter  tubes.  A  summary  of  the  natural  frequency  results  can 
be  found  in  Table  II-3.  The  second  set  of  tests  were  carried  out  with  the  use  of 
piezoelectric  patches  attached  to  the  base  of  the  tube  and  a  Polytec  Scanning  Vibrometer 
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(PSV).  The  third  set  of  vibration  tests  were  conducted  in  a  vacuum  chamber  with 
temperatures  varying  from  25°C  to  95°C  in  10°  increments.  As  anticipated,  the  increased 
temperature  softened  the  tube,  lowering  its  natural  frequency  and  raising  its  damping 
coefficient.  A  summary  of  these  results  are  shown  in  Table  II-4.  Through  all  these  tests, 
it  was  found  that  the  internal  pressure  of  the  tubes  had  little  effect  on  the  modal 
properties.  Comparing  the  results  of  all  the  testing,  the  first,  second,  and  third  tube 
bending  modes  were  approximately  5 1 ,  62  and  23 1  Hz. 


Table  II-3:  Single’s  Test  Results  Using  Shaker  Excitation  [30] 


Tube 

Mode  # 

Frequency  (Hz) 

Damping  (%) 

i 

32.12 

2.16 

S02 

2 

61.26 

1.8 

3 

230.22 

1.19 

1 

31.63 

2.43 

S04 

2 

60.87 

1.67 

3 

229.59 

1.27 

1 

24.4 

2.4 

L01 

2 

55.4 

4.95 

3 

117.0 

0.7 

1 

24.5 

1.95 

L03 

2 

56.8 

1.96 

3 

115.7 

0.46 

Table  II-4:  Single’s  Test  Results  Using  Vacuum  Chamber  [30] 


Temperature  (°C): 

25 

35 

45 

55 

65 

75 

85 

95 

Mode  1  (Hz): 

51.18 

51.1 

50.81 

50.08 

49.13 

47.74 

46.59 

45.55 

Mode  2  (Hz): 

64.25 

63.78 

63.43 

62.82 

62.61 

62.4 

62.23 

62.15 

Mode  3  (Hz): 

231.58 

231.42 

235.05 

227.89 

229.14 

229.26 

229.77 

222.98 

Thanks  to  the  work  done  by  Single,  the  irregularities  in  the  rigidizable,  inflatable 


tubes  from  L’Garde  Incorporated  have  been  identified  and  assessed.  Single  also  helped 
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lead  to  a  better  understanding  of  the  modal  properties  of  the  tubes  and  how  they  are 
affected  by  different  settings.  These  initial  tests  provided  pivotal  data  that  will  compare 
spaceflight  test  data  for  critical  performance  analysis  of  the  rigidizable  inflatable  tubes  in 
space. 

2.3  Philley  [25] 

The  experimental  analysis  continued  with  Captain  Thomas  L.  Philley;  the  third 
AFIT  student  to  work  on  RIGEX.  L’ Garde  Incorporated  provided  improved  rigidizable 
inflatable  tubes  lined  with  Kapton  on  the  carbon  composite  surfaces  internally  and 
externally,  which  improved  pressure  retention.  Philley  conducted  vibration  analysis  for 
these  new  tubes  along  with  deployment  testing.  In  order  to  facilitate  these  tests,  Philley 
also  built  a  working  prototype  of  RIGEX.  Philley  concluded  his  efforts  with  initializing 
the  coordination  of  AFIT  with  the  DOD  Space  Test  Program  (STP). 

In  order  to  simulate  flight  conditions  as  closely  as  possible,  the  use  of  a  thermal 
vacuum  (TV AC)  chamber  was  implemented.  At  that  time,  the  TV  AC  chamber  at  AFIT 
was  not  very  large.  Since  the  test  required  a  working  prototype,  this  prototype  was 
required  to  fit  in  the  existing  TVAC  chamber.  Therefore  the  RIGEX  prototype  was  a 
quarter-structure,  including  only  one  full  bay  comprised  of  a  rigidizable  inflatable  tube, 
inflation  system,  oven,  and  digital  camera.  An  image  of  this  prototype  can  be  seen  in 
Figure  II-2. 


19 


Figure  II-2:  Philley’s  Prototype  (Quarter-Structure)  [25] 


The  deployment  of  the  new  tubes  was  tested  twice  by  Philley  in  the  quarter 
structure.  Neither  test  was  completely  successful.  The  first  failed  mainly  due  to  a 
manufacturing  error  with  the  tubes.  The  testing  at  AF1T  was  configured  for  20”  tubes, 
but  the  new  tubes  from  L’ Garde  were  actually  24”  in  length.  This  was  not  discovered 
until  the  first  deployment  test  due  their  initial  folded  configuration.  An  image  of  this 
discovery  during  the  first  deployment  is  seen  on  the  left  in  Figure  11-3.  In  this  image,  one 
can  observe  that  the  location  of  the  digital  camera  interfered  with  the  inflation  of  the 
tube.  Another  anomaly  discovered  during  the  first  test  was  that  there  was  an  unusually 
high  pressure  in  the  tube  of  6  psig,  instead  of  the  expected  4  psig.  The  excessive  pressure 
was  believed  to  be  due  to  a  faulty  pressure  regulator.  These  complications  were 
corrected  for  the  second  deployment  test.  The  digital  cameras  were  relocated,  the 
pressure  regulator  was  reset  for  4  psig,  and  a  flow  control  valve  was  installed.  During 
this  second  test,  the  tubes  did  properly  inflate  but  only  reached  an  internal  pressure  of  2.5 
psig.  The  low  pressure  resulted  from  a  combination  of  the  flow  control  valve,  pressure 
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regulator,  and  a  leak  in  the  new  tubes.  An  image  from  this  second  test  can  be  seen  on  the 
right  in  Figure  II-3.  These  tests  not  only  functionally  verified  the  heating  system  and 


inflation  system  but  proved  that  small  fluctuations  in  the  internal  pressure  of  the  tubes 
have  little  or  no  effect  on  their  inflation. 


Figure  II-3:  Philley’s  First  and  Second  Deployment  Test  [25] 


Next,  Philley  conducted  vibration  testing  on  the  new  rigidizable  inflatable  tubes 
using  piezoelectric  patches  attached  to  the  base  of  the  tube  set  up  in  three  different 
configurations.  The  configurations  included  table-mounted,  stand-mounted,  and 
structure  mounted,  both  inside  and  outside  the  vacuum  chamber.  A  summary  of  these 
test  results  can  be  seen  in  Table  II-5.  These  tests  provided  the  natural  frequencies  and 
damping  coefficients  for  the  new  tubes  in  numerous  configurations. 
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Table  II-5:  Philley’s  Vibration  Test  Results  [25] 


First  Bending  Mode 

Parameter 

Mount  Location 

Table 

Stand 

Structure 

Vacuum  Tank 

Natural  Frequency  (Hz) 

59.6875 

37.5 

60.3125 

60.625 

Damping  Ration  (%) 

0.78 

0.83 

0.52 

1.04 

Second  Bending  Mode 

Parameter 

Mount  Location 

Table 

Stand 

Structure 

Vacuum  Tank 

Natural  Frequency  (Hz) 

660 

542.1875 

654.0625 

651.25 

Damping  Ration  (%) 

0.64 

0.32 

0.53 

0.57 

Fortunately,  Philley  was  previously  assigned  to  STP  and  was  able  to  begin  the 
initial  process  of  preparing  RIGEX  for  the  DOD  Space  Experiment  Review  Board 
(SERB).  The  approval  from  SERB  was  essential  for  RIGEX  to  become  an  actual  shuttle 
mission. 

With  Philley’s  deployment  test,  the  operational  concept  of  RIGEX  put  forth  by 
DiSebastian  was  validated.  Philley’s  vibration  tests  provided  new  data,  which  replaced 
the  original  ground  test  data  that  would  be  used  as  a  comparison  for  experimental  data  in 
space.  In  the  process  of  creating  these  test,  Philley  also  created  the  first  RIGEX 
prototype,  which  could  be  used  for  further  testing.  Finally,  Philley  is  responsible  for 
beginning  the  coordination  with  STP  that  is  essential  for  the  launch  of  RIGEX  becoming 
a  reality. 

2.4  Holstein  [13] 

In  2003,  further  development  of  RIGEX  commenced  with  the  addition  of  three 
new  AFIT  students.  One  of  these  students,  Captain  Ray  Holstein,  was  given  the 
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responsibility  of  continuing  the  vibration  testing.  Since  thorough  testing  of  the 
rigidizable  inflatable  tubes  had  already  been  completed  by  Single  and  Philley,  Holstein 
focused  his  research  on  the  structure  for  RIGEX.  Holstein  performed  both  a  finite 
element  analysis  (FEA)  and  experiments  in  his  vibration  testing. 

Holstein  first  created  drawings  of  the  RIGEX  structure  using  computer  aided 
design  (CAD)  software  called  ProENGINEER.  An  initial  RIGEX  structure  was 
fabricated  with  these  drawings.  These  CAD  drawings  were  then  imported  into  an  FEA 
program  called  ABAQUS  to  create  finite  element  (FE)  models.  These  FE  models  were 
created  for  both  the  quarter-structure  and  full  structure  of  RIGEX.  After  the  mass 
properties  along  with  the  boundary  and  loading  conditions  were  assigned,  Holstein 
performed  eigenanalysis.  In  addition  to  the  full  RIGEX  assembly,  Holstein  created  FE 
models  of  the  rigidizable  inflatable  tubes  and  performed  eigenanalyses  as  well.  An 
image  of  these  can  be  seen  in  Figure  II-4.  In  doing  this,  the  natural  frequency  and 
damping  coefficients  of  the  tubes  measured  by  Single  and  Philley  were  validated. 
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Tube  Mode  1  (1st  Bending) 
Frequency:  58,441  Hz 
Ads:  1 
Fine  Mesh 


E,  HLb*b 


Quarter  Structure  -  Mode  1 
Frequency:  20,289  Hz 
Coarse  Mesh  -  0.4 


Figure  II-4:  Holstein’s  Eigenanalyses  of  the  FE  Models  in  ABAQUS  [13] 


Holstein  also  conducted  stress  analyses  on  the  RIGEX  structure.  These  analyses 
lead  to  the  discovery  of  the  high  stress  concentration  on  the  experimental  top  plate  near 
the  computer  access  hole  when  RIGEX  is  place  under  a  heavy  load.  An  image  of  this 
stress  concentration  can  be  seen  in  Figure  II-5.  In  order  to  resolve  this  problem,  the 
computer  access  hole  was  eliminated  and  the  experimental  top  plate  was  thickened. 
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Table  IV-5:  Temperature  Profile  for  Component  Testing  in  TVAC  [26] 


Temperature  Limitations 

Lower 

Allowable 

Upper 

Allowable 

Limit 

Deviation 

Limit 

Deviation 

Survivable  Temperatures  (°C) 

-60 

(-5/+0) 

74 

(+5/-0) 

Functional  Temperatures  (°C) 

-45 

(-5/+0) 

45 

(+5/-0) 

The  components  were  placed  on  an  aluminum  plank  that  were  then  bolted  down 
to  the  platen  of  the  vacuum  chamber  with  copper  mesh  between  the  aluminum  plank  and 
the  platen  to  help  promote  conduction.  Once  all  the  components  had  been  situated,  the 
next  step  was  to  connect  all  the  wiring  between  the  wiring  connection  interfaces  inside 
the  chamber  and  all  the  components  as  well  as  the  wiring  between  the  components 
themselves.  Outside  of  the  chamber  all  the  wiring  between  the  RIGEX  space  shuttle 
power  emulator  and  5  VDC  power  supply  was  connected. 

To  test  the  local  temperature  at  certain  components,  thermocouples  were 
positioned  near  the  location  of  these  individual  components.  The  thermocouple  wiring 
was  connected  to  the  wiring  connection  interfaces  inside  the  chamber.  Then  a  connection 
was  made  from  the  wiring  connection  interfaces  outside  the  chamber  to  the  thermocouple 
wiring  interfaces  on  the  data  acquisition  system.  A  computer  set  up  with  Lab  VIEW 
software  version  8.2  [4]  was  used  for  logging  the  data  read  from  the  thermocouples. 
LabVIEW  is  a  graphical  program  development  application  from  National  Instruments 
used  to  integrate  engineering  tasks  such  as  interfacing  computers  with  instruments, 
collecting,  storing,  analyzing,  and  transmitting  measured  data,  developing  a  program  in  a 
graphical  environment,  and  providing  an  effective  user  interface  [4], 
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Eiwniner  Location 


Figure  II-6:  Holstein’s  Experimental  Ping  Test  Setup  [13] 

Holstein  developed  the  first  FE  model  of  RIGEX  and  conducted  both  eigen  and 
stress  analysis  of  RIGEX  when  subjected  to  vibrations.  These  analyses  confirmed 
original  modal  properties  for  the  tubes  and  the  stress  analysis  lead  to  identification  of 
critical  stress  concentrations  on  RIGEX.  Even  though  Holstein’s  experimental  vibration 
test  results  varied  from  his  FEA  results,  they  still  provided  future  AFIT  students  a 
working  range  for  expected  natural  frequencies  of  RIGEX. 

2.5  Lindenmuth  [16] 

Of  the  three  AFIT  students  to  join  the  RIGEX  project  in  2003,  Captain  Steve 
Lindenmuth  was  the  second.  Lindenmuth  concentrated  on  further  development  of  the 
heating  system  and  inflation  system.  Lindenmuth  also  continued  the  coordination  of 
AFIT  with  STP  after  Philley. 

Lindenmuth  refined  the  heating  system  by  first  conducting  a  test  to  provide  more 
insight  to  the  distributional  heating  of  the  rigidizable  inflatable  tubes.  Lindenmuth 
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conducted  a  full  deployment  test  of  a  tube  fitted  with  six  thermocouples,  which  were 
attached  to  the  quarter  structure  and  placed  inside  the  vacuum  chamber.  The  data  from 
this  test  not  only  helped  determine  the  tube’s  heating  profde,  but  the  ideal  location  of  the 
thermocouples  for  flight.  A  depiction  of  this  heating  profile  can  be  seen  in  Figure  II-7. 
The  results  also  showed  that  location  #2  reached  the  final  temperature  the  slowest  while 
location  #3  reached  the  final  temperature  the  fastest. 


Figure  11-7:  Lindenmuth’s  Tube  Heating  Profile  [16] 


The  second  test  Lindenmuth  performed  on  the  heating  system  was  to  provide 
functional  verification  of  the  piezoelectric  patches  after  exposure  to  extreme 
temperatures.  This  test  began  with  the  attachment  of  the  piezoelectric  patches  to  the 
tubes  followed  by  the  application  of  voltage.  This  was  done  to  initially  check  the 
functionality  of  the  piezoelectric  patches  before  they  were  heated.  Then  the  tube  was 
placed  in  an  oven  and  heated  above  its  Tg.  The  tubes  were  eventually  cooled  and  voltage 
was  reapplied  to  the  piezoelectric  patches  to  determine  functionality  after  testing.  The 
piezoelectric  patches  still  worked  and  proved  capable  of  surviving  harsh  temperatures. 
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Lindenmuth  also  refined  the  inflation  system  on  RIGEX  with  inflation  tests 
conducted  for  two  purposes;  one,  to  ensure  proper  inflation  of  the  tubes,  and  second,  to 
determine  the  retention  of  system  pressure.  By  inflating  the  tubes  on  the  structure,  he 
identified  an  interference  with  the  actual  components  of  the  inflation  system.  The 
interference  resulting  from  this  poor  deployment  can  be  seen  in  Figure  II-8.  Because  of 
this  the  inflation  system  was  moved  to  the  computer  bay.  Lindenmuth  also  proved 
effective  retention  of  pressure  in  the  system  over  a  long  period  with  only  minor  leaks.  He 
did  this  by  fully  charging  the  system  and  recording  pressure  over  five  days. 


Figure  II-8:  Lindenmuth’s  Inflation  Test  [16] 


Lindenmuth's  work  supported  advancements  in  both  the  heating  and  inflation 
system.  Lindenmuth  created  an  effective  heating  profile  for  the  tubes  and  in  doing  so, 
simplified  the  sensing  requirements.  Design  modifications  to  the  inflation  system  were 
identified  and  made  because  of  Lindenmuth's  inflation  testing.  Lindenmuth  also  help 
identify  causes  of  potential  leaks  and  provided  recommendations  for  improvement  of  the 
inflation  system.  Finally,  Lindenmuth  presented  RIGEX  to  the  SERB.  Even  though 
RIGEX  was  placed  31st  out  of  41  missions,  funding  from  STP  was  secured. 
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2.6  Moody  [18] 

The  last  of  three  AFIT  students  to  enroll  in  the  RIGEX  program  during  2003  was 
Lieutenant  Dave  Moody.  As  Holstein  conducted  FEA  and  vibration  testing  and 
Lindenmuth  revised  the  inflation  and  heating  system,  Moody,  an  electrical  engineer  (EE), 
decided  to  focus  his  attention  on  the  command  and  control  subsystem.  Moody 
redesigned  the  computer  to  have  two  microprocessors.  He  also  built  the  initial  software 
for  this  camera  and  validated  it  with  post-test  data  analysis. 

The  original  computer  design  had  a  slow  microprocessor  board,  which  directly 
affected  the  rate  at  which  images  were  taken  with  the  data  imaging  system.  In  order  to 
speed  up  the  data  imaging  system,  Moody  added  a  second  microprocessor  in  half  by 
adding  a  second  processor  specifically  for  the  imaging  system,  which  was  called  the 
imaging  computer.  The  first  processor  was  labeled  the  Data  Acquisition  System. 
Besides  designing  the  layout  of  these  computers  Moody  also  designed  the  initial  wiring 
configuration. 

Upon  completion  of  the  new  computer  design,  Moody  wrote  the  C++  code  for 
running  the  experiment.  He  used  the  calendar  of  main  events  put  forth  by  DiSebastian  as 
a  guideline.  He  modified  the  code  such  that  each  phase  of  the  experiment  will  be 
conducted  for  each  tube,  one  at  a  time.  Moody  was  able  to  verify  that  his  code  was 
successful  by  post-processing  test  data. 

Moody’s  efforts  made  it  possible  to  process  images  more  quickly  with  the 
imaging  system  by  redesigning  the  layout  of  the  computer.  He  also  developed  the  flight 
software  to  run  RIGEX  and  tested  it  by  perfecting  the  data  analysis  process  used  before 
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and  after  the  experiment.  In  effect,  Moody  provided  improvements  to  the  design,  which 
help  prepare  it  for  implementation  to  flight  hardware. 

2.7  Moeller  [17] 

When  AFIT  student  Captain  Chad  Moeller  began  work  on  RIGEX  in  2004  NASA 
had  decided  to  discontinue  the  use  of  the  GAS  canister  and  replace  it  with  CAPE.  As 
discussed  in  Chapter  I,  CAPE  has  several  advantages  over  the  GAS  canister,  particularly 
in  increased  weight  and  size  limits.  With  this  enlarged  envelope,  RIGEX  went  through 
RIGEX  went  through  another  iteration  of  design  modifications.  Specifically,  Moeller 
focused  his  work  on  the  modification  of  the  inflation  system  and  completing  the  thermal 
characterization  of  the  rigidizable  inflatable  tubes  by  characterizing  the  cooling  profile. 

In  addition  to  the  increased  space  and  weight  limits,  an  option  to  connect  to  the 
shuttle  for  power  was  made  available.  This  eliminated  the  requirement  of  a  battery 
source,  which  weighed  approximately  80  lbs  and  occupied  1500  in3.  With  the  current 
inflation  system  being  the  high-risk  factor  of  mission  success,  Moeller  utilized  this  new 
space  when  forming  his  design  modifications  to  the  inflation  system. 

Moeller’s  design  involved  the  breakdown  of  the  inflation  system  into  two 
separate  sections  for  each  individual  tube  being  inflated.  The  first,  the  storage  section, 
consisted  of  the  pressure  vessel,  a  pressure  transducer  and  all  the  tubing  before  the 
solenoid  valve.  The  second  was  comprised  of  the  rigidizable  inflatable  tube  itself,  a 
pressure  transducer  and  all  the  piping  after  the  solenoid  valve.  These  two  sections  are 
depicted  in  Figure  II-9.  By  comparing  the  volume  of  these  two  sections,  Moeller  was 
able  to  determine  a  range  of  pressure  vessel  sizes  that  would  sufficiently  inflate  a  tube 
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without  over-pressurizing  it  when  the  solenoid  was  activated.  Eventually,  a  500  cc  vessel 
was  nominated  as  the  pressure  vessel  of  choice. 


Figure  II-9:  Diagram  of  Moeller’s  Divided  Inflation  System  [17] 


Following  recommendations  presented  by  Lindenmuth  for  improving  the  inflation 
system,  Moeller  enlarged  the  pressure  vessel  for  each  system.  This  setup  with  larger 
tanks  made  it  possible  to  lower  the  pressure  in  each  subsystem  to  atmospheric  pressure,  1 
atm  (14.7  psi).  Since  the  internal  pressure  would  be  equalized  with  the  atmospheric 
pressure  outside,  this  nearly  eliminated  all  leaking  tendencies  at  mean  sea  level  (MSL). 
In  doing  this,  the  need  for  a  pressure  regulator  and  pressure  relief  valve  was  also 
eliminated,  which  reduced  potential  leakage  points.  Moeller  conducted  tests  to  verify 
these  predictions  and  found  only  one  leak,  which  occurred  after  the  tubes  were  inflated 
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and  waiting  to  be  vented.  This  flaw  was  caused  by  the  connection  between  the  metal  and 
plastic  components  of  the  tubing. 

Later,  using  the  same  setup  as  Lindenmuth,  Moeller  conducted  experimental 
testing  to  monitor  dissipation  of  heat  across  the  tubes.  These  test  results  are  summarized 
in  Figure  II- 10.  With  the  primary  heat  transfer  of  space  being  radiation,  Moeller 
calculated  the  thermal  energy  stored  in  the  tubes  at  maximum  temperature  and  derived  an 
analytic  expression  for  temperature  as  a  function  of  time.  By  comparing  these  results 
Moeller  determined  an  accurate  cooling  profile  for  the  tubes. 


Figure  II- 10:  Moeller’s  Tube  Cooling  Profile  [17] 


Moeller’s  work  is  a  direct  result  of  the  first  iteration  of  required  changes  for 
RIGEX  to  transition  from  the  GAS  canister  to  CAPE.  His  improvements  to  the  inflation 
system  practically  eliminated  the  concern  of  leakage  prior  to  launch.  With  the 
establishment  of  an  accurate  cooling  profile,  Moeller,  along  with  the  previous  work  of 
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Lindenmuth,  provided  a  better  understanding  of  how  the  tubes  will  behave  thermally 
throughout  the  entire  space  mission. 

2.8  Helms  [12] 

In  2005,  three  more  students  at  AFIT  began  work  on  the  RIGEX  project.  The 
first  student  was  Lieutenant  Sarah  Helms  who  followed  on  with  the  AFIT-STP 
coordination.  Helms  continued  the  work  of  Single,  Philley,  and  Holstein  with  vibration 
testing  of  the  oven  assembly.  A  depiction  of  the  test  setup  for  the  oven  is  shown  in 
Figure  II- 1 1 .  She  also  returned  focus  to  the  development  of  the  structural  model. 


Tube  Flange 
Pin-Puller 


Oven 


Oven 

Mounting 

Bracket 


Figure  II- 1 1 :  Helms’  Random  Vibration  Test  Setup  for  Oven  Assembly  [12] 


With  the  change  to  CAPE,  RIGEX  not  only  had  to  be  modified  but  several  new 
documents  were  required  to  be  completed.  Helms  oversaw  and  processed  this 
documentation,  which  was  essential  in  the  AFIT-STP-NASA  coordination.  The  topics 
covered  included  payload  design  development,  safety  documentation,  and  payload 
specific  integration  documentation.  Helms  also  assisted  with  the  preparation  of  RIGEX 
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for  the  Preliminary  Design  Review  (PDR)  and  Phase  I  Safety  Review  in  September  of 
2005. 

Helms  conducted  random  vibration  tests  of  the  prototype  RIGEX  oven  assemblies 
not  for  acceptance  data  but  rather  for  structural  integrity  verification  using  a  new 
electrodynamic  vibration  table  at  AFIT  with  an  MB  Dynamics  control  software.  The 
overall  testing  was  not  a  complete  success  due  to  the  unexpected  failure  of  the  structural 
model  caused  by  shearing  of  seven  bolts.  These  failed  bolts  are  pointed  out  in  Figure 
11-12.  Two  modifications  to  the  RIGEX  structure  were  undertaken  because  of  these 
failures,  which  were  the  increased  thickness  of  the  aluminum  plates  and  replacement  of 
larger  bolts  for  the  structural  assembly. 


Figure  11-12:  Structural  Failure  During  Helms’  Vibration  Testing  [12] 


With  these  modifications,  further  development  of  the  RIGEX  structural  model 
was  required.  This  was  done  using  an  analytical  approach  using  the  finite  element 
modeling  and  post-processing  (FEMAP)  software.  A  full  RIGEX  FE  model,  with  and 
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without  the  shroud  attached,  can  be  seen  in  Figure  11-13.  Through  extensive  testing  and 
comparison  the  RIGEX  FE  model  results  were  validated  and  a  first  natural  frequency  of 
roughly  242  Hz  was  determined  for  the  RIGEX  flight  model. 


Figure  11-13:  Helms’  Full  RIGEX  FEM  in  NX  Nastran  With  and  Without  Shroud  [12] 


With  the  work  of  Helms,  the  RIGEX  launch  integration  process  had  been  laid  out 
and  documentation  was  provided  to  help  prepare  RIGEX  for  the  Phase  II  Safety  Review. 
Even  though  the  random  vibration  testing  resulted  in  a  failure,  it  ultimately  lead  to  a 
better  understanding  regarding  the  strength  of  the  prototype  oven  assemblies,  structural 
response  to  random  vibrations,  not  to  mention  further  understanding  of  the  new 
laboratory  equipment.  The  FEA  documentation  provided  AFIT  and  STP  with  adequate 
structural  verification  data  for  launch. 
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2.9  Goodwin  [10] 

The  second  AFIT  student  to  join  the  RIGEX  program  in  2005  was  Captain 
Jeremy  Goodwin.  Goodwin  was  responsible  for  several  design  modifications  required 
for  RIGEX  to  fit  into  CAPE.  One  of  these  modifications  included  the  addition  of  a 
shroud  to  protect  CAPE.  Goodwin  also  performed  a  containment  analysis  with  the 
shroud. 

Goodwin’s  modifications  were  mainly  focused  on  the  mechanical  and  electrical 
subsystems.  Using  SolidWorks  software,  Goodwin  created  a  detailed  CAD  model  of  the 
RIGEX  structure  with  all  its  associated  components  attached.  An  image  of  this  model  is 
displayed  in  Figure  11-14.  In  doing  this,  Goodwin  also  produced  the  first  drafts  of  the 
drawings  required  for  fabrication  of  the  structural  aluminum  parts.  An  updated  electrical 
architecture  was  also  composed,  which  consisted  of  removing  the  internal  battery  and 
connecting  to  the  orbiter  power  supply.  Goodwin’s  modifications  to  RIGEX  also 
included  minor  alterations  to  the  inflation  and  command  and  data  handling  system. 
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Figure  11-14:  Goodwin’s  Design  Modeled  in  SolidWorks  [10] 

In  order  to  ensure  will  not  be  damaged  CAPE  in  the  event  of  a  component  coming 
loose,  a  shroud  was  attached.  To  determine  the  required  thickness  of  this  shroud, 
Goodwin  performed  a  containment  analysis  for  possible  tube  failure  during  both  reentry 
and  over-inflation.  A  summary  of  these  test  results  is  shown  in  Table  II-6.  With  a 
planned  thickness  of  0.075”,  the  analysis  indicated  a  factor  of  safety  over  200%  for  the 
locations  requiring  the  highest  thickness. 
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Table  II-6:  Goodwin’s  Containment  Analysis  Results  [10] 


D&ecriptiau 

Shuttle 

Acceleration 

(*) 

Tiibe/Eiidcap 

AceoWatiun 

tg) 

Shroud 

Thickness 

(nun) 

Margin 

over 

l.filtmi 

m 

Shuttie/tube  accelerate  at  tj.&g'y 

6.6 

6.6 

0.55 

346 

Shuttle/tube  accelerate  at  13g*s 

ia 

13 

0.79 

241 

Tube  ffvfeipre^urizatioii  at  Shut¬ 
tle  acceleration  of  0,5 

6.5 

196 

0.06 

2  S3 

Tube  o verpress uriz at io u  at  Shut¬ 
tle  fljcceteratiQii  of  1  rlg'a 

13 

195 

0.31 

236 

The  work  completed  by  Goodwin  provided  several  critical  modifications  that 
RIGEX  required  to  become  an  acceptable  CAPE  payload.  Goodwin  also  initiated  the 
first  steps  toward  creating  an  updated  drawing  package,  which  would  continue  to  be 
updated  with  following  students.  The  initial  design  requirements  for  the  shroud  were  a 
direct  product  of  Goodwin's  research. 

2.10  Gunn-Golkin  [11] 

The  third  and  most  recent  AFIT  student  to  finish  work  on  the  RIGEX  project  is 
Lieutenant  Anna  Gunn-Golkin.  In  her  short  time  at  AFIT,  Gunn-Golkin  composed  a 
comprehensive  structural  and  bolt  analysis  for  RIGEX,  along  with  an  overall  description 
of  the  final  design.  Gunn-Golkin  finished  her  work  with  a  mass  properties  analysis  and 
an  initial  design  of  the  shuttle  emulator. 

In  order  to  conduct  a  structural  analysis  of  RIGEX,  Gunn-Golkin  first  updated  the 
CAD  model  of  RIGEX  in  SolidWorks.  In  an  attempt  to  satisfy  all  the  NASA 
requirements  for  the  structural  integrity  of  payloads  in  space,  this  model  incorporated  all 
the  current  modifications  to  RIGEX.  An  image  of  this  model  is  seen  in  Figure  11-15. 
Gunn-Golkin  also  presented  a  revised  drawing  package  for  the  aluminum  components 
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being  manufactured  for  the  protoflight  model  of  RIGEX.  After  the  structural  model  was 
modified,  a  final  FEM  of  RIGEX  was  created.  Using  NX  Nastran  software  to  perform  a 
modal  analysis  of  RIGEX,  the  fundamental  frequency  was  determined  to  be  roughly  185 


Hz. 


Figure  11-15:  Gunn-Golkin’s  Modified  Design  Modeled  in  SolidWorks  [11] 

From  the  FE  static  analysis,  the  maximum  stress  on  the  aluminum  structure, 
maximum  loading  at  all  bolt  locations,  and  maximum  deflection  of  the  shroud  and 
bumpers  were  predicted.  A  summary  of  the  bolt  loads  can  be  found  in  Table  II-7.  Once 
the  FEA  for  the  loads  transferred  through  critical  bolts  on  RIGEX  was  completed,  Gunn- 
Golkin  proceeded  with  a  strength  and  separation  analysis.  To  increase  accuracy  of  the 
bolt  analysis,  the  assumptions  made  were  very  conservative.  This  resulted  in  required 
torque  ranges  with  small  deviation,  reducing  the  likelihood  of  error  during  building. 
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Table  II-7:  Gunn-Golkin’s  Linear  Static  Analysis  of  Bolt  Loads  [1 1] 


Location 

Value 

Force  (lbs) 

Constraint  Bolts 

Max  Axial 

Max  Shear 

428.4 

"Z-axis  axial"  bolts 

Max  Axial 

2.3 

Max  Shear 

70.9 

"Y-axis  axial"  bolts 

Max  Axial 

9.1 

Max  Shear 

115.1 

"X-axis  axial"  bolts 

Max  Axial 

4.9 

Max  Shear 

145.3 

Shroud  Coord  1  Bolts 

Max  Axial 

2.6 

Max  Shear 

26.5 

Shroud  Coord  2  Bolts 

Max  Axial 

2.7 

Max  Shear 

28.1 

Shroud  Coord  3  Bolts 

Max  Axial 

4.7 

Max  Shear 

32.2 

Shroud  Coord  4  Bolts 

Max  Axial 

2.5 

Max  Shear 

13.1 

Shroud  Coord  5  Bolts 

Max  Axial 

4.34 

Max  Shear 

24.5 

Shroud  Coord  6  Bolts 

Max  Axial 

3.0 

Max  Shear 

21.0 

Shroud  Coord  7  Bolts 

Max  Axial 

2.2 

Max  Shear 

18.8 

Camera 

Max  Axial 

8.6 

Max  Shear 

10.6 

Computer 

Max  Axial 

84.8 

Max  Shear 

167.3 

Power  Distribution  Plate 

Max  Axial 

50.4 

Max  Shear 

85.1 

Oven 

Max  Axial 

33.6 

Max  Shear 

80.0 

Oven  Mounting  Bracket  and  Latch 

Max  Axial 

20.3 

Max  Shear 

47.1 
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Gunn-Golkin  finally  concluded  with  an  analysis  of  mass  properties  of  RIGEX 
using  the  SolidWorks  software,  determining  an  overall  weight  and  center  of  gravity  (CG). 
With  the  work  of  Gunn-Golkin,  her  structural  analysis  identified  the  requirements  for  any 
final  modifications  to  the  structure,  and  her  bolt  analysis  provided  an  acceptable  range  for 
each  bolt  pattern  on  RIGEX.  This  resulted  in  a  complete  set  of  drawings  detailing  the 
overall  assembly,  and  basic  manufacturing  requirements.  Overall,  Gunn-Golkin’ s  efforts 
helped  quickly  mature  the  final  design  of  RIGEX  in  order  to  start  production  of 
protoflight  model. 

2.11  RIGEX  Overview  Summary 

This  chapter  summarized,  the  key  contributions  made  by  each  student  at  AFIT  to 
the  overall  growth  of  RIGEX,  beginning  with  the  preliminary  design  by  DiSebastian  and 
ending  with  the  protoflight  model  by  Gunn-Golkin.  Through  numerous  iterations,  the 
RIGEX  project  has  transformed  from  an  idea  into  a  real  flight  model.  A  summary  of  key 
contributions  made  by  each  student  is  illustrated  in  Figure  11-16. 
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2000 


2001 


-  DiSebastian  (00-01): 
Preliminary  Design 


2002 


-  Single  (01-02):  Detr  1st 
Tube  Character,  Vibe  Test 
1st  Tube 


► 


2003 


-Philley  (02-03):  V4  Struc, 
Dep  Test,  Vibe  Test  2nd 
Tube,  srt  SERB 


» 


2004 


-  Holstein  (03-04):  FEM, 
Vibe  Test  Struc 


► 


-  Lindenmuth  (03-04): 
Detr.  Heat  Pro,  FVT  Piezo, 
Full  Scl  Infl  Test,  Lng-T 
Press  Test,  SERB 


-  Moody  (03-04):  Mod. 
Computer,  Dev  Fit  Soft, 
Post-Miss  Data  Anlys 


► 


2005 


-  Moeller  (04-05):  Mod  Infl 
sys,  Detr  Cool  Pro 


► 


2006 


-  Helms  (05-06):  Vibe  Test 
Oven,  FEM,  AFIT-STP  Docs 


-  Goodwin  (05-06):  Rev 
Design  Model,  Shroud  Cont 
Anlys 


-  Gunn-Golkin  (05-06):  FEM 
Struc  Anlys,  FEM  Bolt  Anlys, 
Mod  Design  Model,  Srt  Draw 
Pkg 


Figure  11-16:  Timeline  of  RIGEX  Program  with  Student  Foci 
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III.  RIGEX  Design  Modifications 


The  final  design  of  RIGEX  was  presented  by  in  2006.  As  production  began  in 
2007  some  complications  arose.  The  assembly  of  RIGEX  was  divided  into  three  waves. 
Wave  one  was  the  main  structure  and  inflation  system.  Wave  two  was  placement  of  most 
internal  components,  including  the  electrical  subsystem.  Wave  three  was  the  addition  of 
the  CAPE  mounting  plate  and  the  shroud  along  with  all  its  associated  hardware.  The 
wave  assemblies  are  illustrated  in  Appendix  A.  During  the  wave  two  assembly,  there 
were  alterations  made  to  the  structure  and  infrastructure  of  RIGEX,  including  new  holes 
due  to  the  addition  of  electrical  components  or  required  movement  of  components  to 
accommodate  fit  interferences.  This  chapter  covers  the  changes  that  were  made  to  the 
SolidWorks  CAD  models  to  include  the  modifications  made  to  the  protoflight  model  and 
help  complete  a  final  drawing  package.  These  changes  include  creation  of  new  drawings 
for  the  new  components  added  to  protoflight  model,  detailing  of  old  drawings  for 
components,  and  revising  the  placement  of  components  to  as-built.  This  chapter  also 
discusses  in  detail  the  steps  taken  to  integrate  a  completely  new  data  imaging  system  into 
RIGEX.  These  steps  include  programming,  determining  the  recording  method,  and 
modifying  the  CompactFlash  interface,  power  connection  and  aluminum  enclosure  of  the 
new  cameras. 

3. 1  Final  Drawing  Package 

The  final  drawing  package  is  composed  of  annotated  drawings,  including 
technical  specifications,  of  each  component  designed  by  AFIT.  In  accordance  with  the 
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requirements  of  NASA,  the  drawing  package  of  RIGEX  had  to  be  up  to  date.  This 
included  a  model  of  RIGEX  that  was  as-built,  meaning  that  any  changes  done  to  the 
RIGEX  design  during  the  final  building  process  needed  to  be  included  in  the  drawing 
package.  As  stated  before,  there  were  several  holes  that  had  to  be  added,  either  simply 
because  more  components  were  added  or  components  were  moved.  Also,  some  of  the 
pieces  designed  and  fabricated  by  AFIT  did  not  effectively  serve  their  purpose.  These 
pieces  were  either  modified  or  redesigned  completely.  In  addition  to  these  changes,  the 
components  that  were  added  had  to  be  included  in  the  final  drawing  package. 

A  snapshot  of  this  final  updated  RIGEX  assembly  model  can  be  seen  in  Figure 
III-l,  and  the  complete  drawing  package  can  be  viewed  in  Appendix  A. 


Figure  III- 1 :  Updated  RIGEX  Assembly  Model 
3.1.1  Methodology 

Drawing  packages  can  be  generated  through  many  techniques,  but  the  most 
common  is  through  Computer  Aided  Design  (CAD).  CAD  is  the  use  of  a  wide  range  of 
computer-based  tools  that  assist  engineers,  architects  and  other  design  professionals  in 
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preparing  drawings,  specifications,  parts  lists,  and  other  design-related  elements  through 
special  graphics  and  calculations  [5]. 

CAD  originally  meant  computer  aided  drafting  because  CAD  was  envisioned  as  a 
substitute  for  a  drafting  board.  Today  CAD  is  used  by  manufactures,  architects  and 
engineers  to  accomplish  a  myriad  of  complex  design  tasks.  Engineers  especially  benefit 
from  its  use,  as  it  can  incorporate  three-dimensional  (3D)  models  and  two-dimensional 
(2D)  drawings  easily.  Engineers  also  use  CAD  for  conceptual  design  and  layout,  saving 
valuable  time  [5],  CAD  is  used  for  numerous  architecture,  engineering  and  construction 
(AEC)  purposes,  including  building  engineering,  civil  engineering,  infrastructure, 
construction  and  many  others.  Mechanical  engineering  applications  include  design  of 
automotive  vehicles,  aerospace,  consumer  goods,  machinery,  ship  building  and  bio¬ 
mechanical  systems.  CAD  is  used  in  electronic  design  automation  (EDA)  purposes  such 
as  electrical  and  digital  circuit  design,  power  systems  engineering  and  power  analytics. 
CAD  systems  clearly  have  vast  capabilities  [5], 

3.1.2  SolidWorks  [31] 

SolidWorks  is  a  3D  CAD  program  developed  by  a  subsidiary  of  CATIA  maker 
Dassault  Systems,  SolidWorks  Corporation.  SolidWorks  is  a  Microsoft  Windows-based 
application  that  uses  a  parametric  approach  in  creating  models  and  assemblies  [31]. 
Parameters  are  values  of  a  model  that  determine  the  size,  shape  and  behavior  numerically 
or  geometrically.  Dimensions  are  an  example  of  numeric  parameters,  and  can  relate  to 
each  other  to  capture  design  content  through  equations.  The  program  includes  shape- 
based  and  operations-based  features.  Examples  of  shape-based  features  include  slots, 
holes,  bosses  and  add  or  remove  material.  These  features  usually  start  with  2D  or  3D 
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sketches.  The  operation-based  feature  does  not  have  sketches,  and  includes  filleting, 
chamfering  and  shelling  to  apply  a  draft  to  a  part.  When  using  feature-based  nature 
SolidWorks  you  can  go  back  to  a  previous  design  and  apply  prior  changes  to  the  section 
on  which  you  are  currently  working  [31]. 

When  modeling  in  SolidWorks,  you  first  start  with  a  2D  or  3D  sketch  made  up  of 
lines,  arcs,  conics,  and  alpines.  Dimensions  are  used  in  the  creation  of  adding  a  defined 
size  and  location  of  the  geometry.  These  can  be  controlled  separately  or  by  parameters 
outside  of  the  sketch.  Relations  are  used  to  identify  tangency,  parallelism, 
perpendicularity,  and  concentricity  [31]. 

3.1.3  SolidWorks  Drawings  of  RIGEX 

In  the  final  RIGEX  drawing  package,  components  were  designed  in  SolidWorks 
for  two  purposes.  Some  of  the  parts  were  fabricated  at  AFIT  or  designed  by  AFIT  and 
sent  out  for  production.  These  parts  were  created  in  SolidWorks  in  order  to  provide  a  3D 
model  of  each  part  that  could  be  put  together  to  generate  a  full  assembly.  These  3D 
models  were  also  transposed  into  annotated  drawings  to  provide  engineering 
specifications  for  each  part  created.  The  second  reason  for  designing  the  parts  in 
SolidWorks  was  to  easily  manage  all  of  the  parts  that  were  not  designed  or  created  by 
AFIT,  including  those  ordered  from  separate  vendors  or  provided  by  STP.  With  true  3D 
representation  of  all  the  components  in  RIGEX  the  location  and  configuration  of  each 
could  be  chosen  before  production.  These  3D  representations  could  also  be  assigned 
mass  properties.  After  every  component  of  RIGEX  was  acquired,  the  components  were 
measured  and  their  3D  models  assigned  an  appropriate  mass.  This  made  it  possible  to 
determine  an  overall  mass  and  Center-of-Gravity  (CG)  for  the  assembly.  With  this 
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information,  an  analysis  of  the  full  assembly  could  be  conducted  with  a  Finite  Element 
Modeling  (FEM)  program.  This  analysis  was  conducted  by  NASA  in  2007. 

3. 1.3.1  Creation  of  Drawings  for  New  Components 

Some  parts  in  the  final  RIGEX  drawing  package  had  to  be  created  from  scratch, 
either  because  there  was  no  adequate  previous  design  from  which  to  work,  or  a  new 
design  was  so  drastically  different  that  it  was  easier  to  start  over. 

3. 1.3. 1.1  Oven  Controllers 

During  the  finalization  of  the  RIGEX  assembly  at  AFIT,  a  run-away  heater 
experiment  was  conducted.  This  experiment  revealed  that  the  heaters  were  capable  of 
reaching  dangerously  high  temperatures.  To  prevent  this,  Resistance  Temperature 
Detectors  (RTDs)  were  placed  in  each  oven.  The  RTDs  are  sensors  used  to  measure 
temperature  by  correlating  the  resistance  of  the  RTD  element  with  temperature  [35]. 
These  RTDs  are  then  connected  to  the  oven  controllers.  The  oven  controllers  monitor  the 
RTDs  and  control  the  power  being  supplied  to  the  oven  accordingly.  These  oven 
controllers  were  a  new  addition  to  the  RIGEX  design  and  were  added  into  the  3D  model 
with  mass  properties  for  proper  analysis  of  the  final  assembly  (.see  Figure  III-2). 
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Figure  III-2:  Oven  Controllers 


3. 1.3. 1.2  Cameras 

As  previously  stated,  the  data  imaging  system  was  completely  replaced.  All  old 
cameras  in  the  RIGEX  model  were  removed,  and  new  cameras  were  added  to  the 
SolidWorks  CAD  model  with  their  appropriate  mass  properties,  seen  in  Figure  III-3. 
Each  camera  was  attached  to  the  RIGEX  assembly  with  an  aluminum  enclosure.  The 
cameras  were  also  weighed,  and  the  3D  model  was  assigned  a  mass.  The  aluminum 
enclosures  were  made  up  of  three  parts;  an  extrusion  and  two  end  plates.  The  three 
pieces  were  replicated  using  the  engineering  specifications  provided  by  the  vendor  and 
then  assembled  together.  These  pieces  were  also  measured  and  provided  mass  properties 
in  SolidWorks.  The  aluminum  enclosures  then  had  to  be  modified  with  holes  to  allow  for 
the  location  of  fasteners  and  a  hole  for  the  lens. 
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Figure  III-3:  Camera 


3. 1.3.1. 3  Shroud  Fastening  Blocks 

When  the  shroud  (which  helps  contain  any  components  that  may  come  loose 
during  flight  and  protects  the  inside  of  RIGEX)  was  built,  a  design  flaw  was  discovered. 
In  the  original  design  the  shroud  was  intended  to  overlap  one  inch  and  have  two  aligning 
holes  that  were  secured  with  fasters.  After  the  shroud  was  built  and  fit  checked,  it  was 
discovered  that  the  thick  shroud  caused  the  fasteners  to  protrude  past  the  Delrin  bumpers, 
which  protect  RIGEX  from  contacting  CAPE  (see  Figure  1-6).  Therefore  a  new  method 
of  connecting  the  seam  was  created.  It  incorporated  the  use  of  6  aluminum  blocks  that 
attached  inside  the  shroud  along  the  seam  with  a  faster  connecting  to  each  side  of  the 
seam.  These  six  aluminum  blocks  had  to  be  measured  and  also  modeled  in  SolidWorks, 
as  seen  in  Figure  III-4.  Annotated  drawings  are  located  in  Appendix  A. 
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Figure  III-4:  Shroud  Seam  Bracket 


3. 1.3. 1.4  Pressure  Transducer  Mounting  Blocks 
When  the  pressure  transducer  mounting  blocks  were  created  they  were  fit- 
checked  only  to  discover  they  did  not  fit  around  the  pressure  transducers.  After  checking 
the  machined  part  with  the  drawings  in  SolidWorks  it  was  noted  that  the  parts  were 
manufactured  correctly,  but  were  poorly  designed.  New  mounting  blocks  that  would 
effectively  fit  around  the  pressure  transducers  had  to  be  re-fabricated,  and  in  order  to  do 
this  the  design  had  to  be  changed.  The  inner  diameter  of  the  mounting  block  receptacle 
had  to  be  enlarged,  and  as  a  result,  the  holes  for  fastener  placement  had  to  be  relocated. 
The  new  design  was  so  different  from  the  original  that  it  was  easier  to  start  over  and  draw 
the  new  mounting  block  from  scratch.  After  these  new  mounting  blocks  for  the  pressure 
transducers  were  designed,  annotated  drawings  (provided  in  Appendix  A)  were  created  to 
give  engineering  specifications  and  help  with  the  machining.  Images  of  the  newly 
designed  transducer  mounting  blocks  can  be  seen  in  Figure  III-5. 


50 


Figure  III-5:  Pressure  Transducer  Mounting  Block 


3. 1.3. 2  Detailing  of  Components  to  R1GEX 

Some  of  the  components  in  the  RIGEX  assembly  that  were  already  designed 
previously  had  to  be  updated.  The  ovens  and  LEDs  had  to  be  updated  due  to  the  lack  of 
detail. 

3.1 .3.2.1  Ovens 

The  previous  model  of  the  oven  assembly  only  included  seven  crude  panels  for 
the  two  doors,  front,  back,  left,  right  and  bottom  sides.  After  the  destruction  of  two  of  the 
ovens  during  the  run-away  heater  test,  only  one  oven  assembly  was  left.  Using  the 
remaining  oven  as  a  template,  CAD  models  of  the  seven  panels  were  modified  to  include 
the  extruded  cuts  and  wiring  holes.  The  SolidWorks  model  of  each  panel  was  also 
updated  to  include  all  the  threaded  holes  along  each  edge  where  the  #4-40  socket  head 
cap  screws  were  used  to  connect  the  panels.  After  the  3D  models  were  completed,  the 
annotated  drawings,  located  in  Appendix  A,  were  generated  to  assist  in  the 
manufacturing  of  the  new  ovens.  A  SolidWorks  image  of  the  oven  design  is  depicted  in 
Figure  III-6. 
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Figure  III-6:  Oven  Assembly 


3.1.3.2.2  LEDs 

In  order  for  the  cameras  to  effectively  record  footage  of  the  tubes  in  space,  Light  - 
Emitting  Diodes  (LEDs)  are  required  to  provide  a  source  of  illumination.  These  LEDs 
were  originally  intended  to  be  attached  to  the  structure  with  epoxy.  Due  to  the  easy 
availability  of  socket  head  cap  screws  in  the  AFIT  lab,  and  the  relative  scarcity  and 
expense  of  space  rated  epoxy,  it  was  later  decided  that  the  LEDs  would  be  attached  with 
#6  socket  head  cap  screws.  In  order  to  effectively  model  the  LEDs  in  SolidWorks,  the 
model  of  the  LEDs  needed  to  be  updated  with  more  detail  to  include  the  placement  of  the 
fasteners.  The  original  model  of  the  LEDs  was  simply  a  disk  with  a  hemisphere  in  the 
center,  as  in  Figure  III-7,  left.  The  new  model  of  the  LEDs  incorporated  the  true 
hexagonal  shape  of  the  LEDs  being  used,  and  the  holes  where  the  fasteners  would  be 
placed,  as  seen  in  Figure  III-7,  right.  The  new  models  were  also  updated  with  correct 
mass  properties. 


52 


Figure  III-7:  Original  (Left)  and  New  (Right)  LEDs 


3. 1.3. 3  Revising  Component  Placement  to  As-Built 

One  of  the  most  difficult  problems  keeping  the  top  level  assembly  drawing 
package  up  to  date  is  following  all  the  alterations  that  occur  while  it  is  being  built.  As 
discussed  before,  a  major  requirement  for  the  drawing  package  of  RIGEX  is  to  update  the 
model  as-built.  This  means  that  every  time  a  hole  is  added  or  moved,  the  change  must 
also  be  replicated  in  the  SolidWorks  model  as  well.  These  holes  were  all  added  using  a 
3D  feature  in  SolidWorks  called  the  Hole  Wizard.  Note  that  component  images  in  this 
section  are  shown  without  computer  or  pin  puller  attached. 

3.1 .3.3.1  Experimental  Top  Plate 

With  the  replacement  of  the  cameras,  the  original  holes  had  to  be  moved  to  a  new 
location  in  each  bay  so  that  the  lens  of  the  camera  was  centered  over  the  tubes.  The  holes 
for  attaching  the  LEDs  had  to  be  added  as  well.  Two  holes  had  to  be  added  for  the  p- 
clamps  that  are  fastening  the  pigtail  cables  to  the  experimental  top  plate.  The  through- 
holes  for  the  pigtail  cables  had  to  be  enlarged  as  well.  Due  to  a  potential  failure  of  the 
bolts  connecting  the  experimental  top  plate  to  the  ribs,  the  bolts  were  changed.  When 
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this  happened,  the  countersunk  holes  had  to  be  changed  to  larger  counter  bore  holes  to 
accommodate  the  new  socket  head  cap  screws  with  washers.  This  complication  is 
discussed  in  further  detail  in  Chapter  V.  Once  these  modifications  were  completed  on  the 
SolidWorks  3D  model,  they  were  then  incorporated  into  the  annotated  drawings 
(Appendix  A).  The  top  plate  can  be  seen  in  Figure  111-8. 


Figure  III-8:  Experimental  Top  Plate 


3.1 .3.3.2  Large  Rib  with  Computer 

On  the  large  rib,  where  the  computer  is  mounted,  several  holes  were  added. 
Three  sets  of  holes  for  #6  socket  head  cap  screws  were  added  for  the  addition  of  three 
two-fuse  holders,  each  requiring  two  holes  for  fasteners.  One  hole  for  a  %”  socket  head 
cap  screw  was  added  to  attach  the  ground  lug.  Four  holes  were  added  toward  the  inside 
of  the  plate  for  #6  socket  head  cap  screws  to  attach  an  additional  terminal  block.  The 
holes  for  the  pin  puller  on  the  rib  had  to  be  relocated  and  modified  because  they  did  not 
in  reality  match  the  corresponding  holes  on  the  pin  puller  itself.  These  holes  in  the 
original  model  were  too  wide,  allowing  the  head  of  the  fastener  to  pull  through.  The 
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holes  were  therefore  rotated  25°  (see  Appendix  A,  drawing  #  RIGEX-2006-3-D  for  an 
illustration),  and  counter  bored  on  the  opposite  side  for  three  #4  socket  head  cap  screws. 
This  rib  can  be  seen  in  Figure  III-9.  Once  these  modifications  were  completed  on  the  3D 
model,  they  were  then  incorporated  into  the  annotated  drawings.  These  drawings  are 
located  in  Appendix  A. 


Figure  III-9:  Farge  Rib  for  Computer 

3.1 .3.3.3  Small  Rib  with  Pin  Puller 

The  small  rib  with  a  pin  puller  had  four  holes  for  #6  socket  head  cap  screws 
added  to  attach  four  oven  controllers.  There  were  also  four  holes  added  for  #2  socket 
head  cap  screws  to  attach  two  1-ohm  resistors.  In  addition,  the  holes  for  the  pin  puller 
had  to  be  relocated  and  modified.  Just  as  mentioned  previously  for  the  holes  in  the  large 
computer  rib,  the  holes  in  the  small  rib  with  a  pin  puller  were  rotated  25°  and  counter 
bored  on  the  opposite  side  for  three  #4  socket  head  cap  screws.  Once  these  modifications 
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were  completed  on  the  3D  model  (Figure  III- 10),  they  were  then  incorporated  into  the 
annotated  drawings,  viewed  in  Appendix  A. 


Figure  III- 10:  Small  Rib  With  Pin  Puller 

3.1 .3.3.4  Large  Rib 

The  other  large  rib  had  the  same  additions  as  the  small  rib  with  a  pin  puller.  Four 
holes  for  #6  socket  head  cap  screws  added  to  attach  four  oven  controllers.  Four  holes 
were  added  for  #2  socket  head  cap  screws  to  attach  two  1-ohm  resistors.  Holes  were 
rotated  25°  and  counter  bored  on  the  opposite  side  for  three  #4  socket  head  cap  screws  to 
attach  the  pin  puller.  This  change  was  made  for  the  same  reasons  as  described  for 
previous  ribs.  Once  these  modifications  were  completed  on  the  3D  model,  they  were 
then  incorporated  into  the  annotated  drawings.  Refer  to  Appendix  A  for  a  collection  of 
the  annotated  drawings.  The  3D  image  of  the  large  rib  is  seen  in  Figure  III- 1 1 . 
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Figure  III- 1 1 :  Large  Rib 

3.1 .3.3.5  Small  Rib  without  Pin  Puller 

The  small  rib  without  a  pin  puller  had  only  two  sets  of  holes  added.  Four  holes 
for  #6  socket  head  cap  screws  added  to  attach  four  oven  controllers,  and  four  holes  added 
for  #2  socket  head  cap  screws  to  attach  two  1-ohm  resistors.  Once  these  modifications 
were  completed  on  the  3D  model  (Figure  III- 12)  they  were  then  incorporated  into  the 
annotated  drawings,  as  seen  in  Appendix  A. 
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Figure  III- 12:  Small  Rib  Without  Pin  Puller 


3.1 .3.3.6  Oven  Mounting  Plate 

On  the  oven  mounting  plate,  two  holes  were  added  per  bay  for  the  location  of  the 
fasteners  being  used  to  secure  the  transformers.  These  modifications  were  completed  on 
the  3D  model,  as  in  Figure  III-13.  They  were  then  incorporated  into  the  annotated 
drawings,  noted  in  Appendix  A. 
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Figure  III- 1 3 :  Oven  Mounting  Plate 


3.1 .3.3.7  Shroud 

When  the  new  method  for  connecting  the  seam  of  the  shroud  was  created,  new 
holes  were  added  to  the  shroud.  Six  new  holes  were  added  on  each  side  of  the  seam  to 
the  shroud.  Once  these  modifications  were  completed  they  were  incorporated  into  the 
annotated  drawings,  which  can  be  found  in  Appendix  A.  Figure  III- 14  shows  the  3D 
model  for  the  shroud. 
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Figure  III- 14:  Shroud 


3.1 .3.3.8  Power  Distribution  Plate 

The  power  distribution  plate  was  originally  designed  without  holes.  The  intended 
design  was  to  be  left  blank  and  to  be  updated  after  the  electrical  components  were 
installed.  Several  holes  were  added  for  #4,  #6,  and  #8  socket  head  cap  screws  to  hold 
fuse  holders,  terminal  strips,  the  leech  socket  relay  and  other  electrical  components.  All 
these  holes  were  adding  into  the  3D  model  of  the  power  distribution  plate  with  Hole 
Wizard,  and  then  incorporated  into  the  annotated  drawings.  These  drawings,  including 
component  placement,  are  compiled  in  Appendix  A.  3D  modeling  of  the  power 
distribution  plate  is  shown  in  Figure  III- 15. 
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Figure  III- 15:  Power  Distribution  Plate 

3.1 .3.3.9  Oven  Bracket 

All  three  oven  brackets  had  holes  added  on  each  side.  On  one  side  there  were  four 
holes  added  for  #6  socket  head  cap  screws  to  attach  a  terminal  strip.  On  the  other  side, 
holes  for  two  #6  socket  head  cap  screws  were  added,  which  secured  the  4-fuse  holder. 
These  holes  were  input  into  the  3D  model  (Figure  III- 16).  This  model  was  then  included 
in  the  new  annotated  drawings,  displayed  in  Appendix  A. 


Figure  III- 16:  Oven  Mounting  Bracket 
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3.2  Data  Imaging  System 

The  original  imaging  cameras  had  become  obsolete,  and  new  higher  quality 
cameras  were  purchased.  The  new  cameras  were  thought  to  be  easier  to  integrate  into 
RIGEX,  and  capable  of  withstanding  the  conditions  of  space.  In  this  section,  the  cameras 
chosen  for  the  new  imaging  system  are  described,  as  well  as  the  process  of  integration 
into  the  RIGEX  assembly. 

3.2.1  Eye-C 

The  Eye-C  controller,  manufactured  by  Tern,  was  the  camera  chosen  for  the  data 
imaging  system.  The  Eye-C  is  C/C++  programmable  and  supports  logging  to  PC- 
compatible  file-systems  through  an  integrated  CompactFlash  interface.  The  board  acts  as 
a  smart  camera  capable  of  recording  in  Quarter  Video  Graphics  Array  (QVGA)/  Video 
Graphics  Array  (VGA)  black-white,  Red  Green  Blue  (RGB),  or  Luminance/Chrominance 
(YUV)  [2], 

The  onboard  complementary  metal-oxide-semiconductor  (CMOS)  image  sensor 
with  its  wide  angle  lens  has  640x480  active  pixels.  The  pixel  clock  runs  at  20  MHz, 
making  the  hardware  frame  capture  period  approximately  40  ms.  This  allows  for  an 
acquisition  of  up  to  25  frames  per  second  (fps).  Real-time  image  captures  are  made 
available  to  the  user  application  at  a  peak  rate  of  10  fps  and  only  3  fps  is  available  for 
indefinite  acquisition  and  processing,  such  as  including  storage  to  a  CompactFlash 
memory  card  [8]. 

With  the  Eye-C,  images  are  captured  by  two  C  function  calls.  Data  from  the 
image  is  available  to  the  application  with  full  resolution,  full  color/grayscale  detail.  Any 
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pixel  can  be  directly  accessed  from  this  memory  buffer.  By  programming  the  Eye-C  with 
custom  algorithms  the  user  can  capture  images,  analyze  any  pixels  within  zones  of 
interest,  and  make  control  decisions  based  on  that  image  processing  result  in  real-time 
[8], 

For  easy  storage,  the  images  are  saved  in  Windows  bitmap  (bmp)  format.  Using 
the  provided  FAT  16  file  system  support,  nearly  fifty  thousand  images  should  have  been 
stored  on  a  2  gigabyte  (GB)  CompactFlash  memory  card  [8].  However,  this  was  not  the 
case.  After  further  investigation,  it  was  found  that  the  camera  would  store  a  maximum  of 
1  GB  memory. 

The  Eye-C  controller  consists  of  a  16-bit  40  MHz  x86  Central  Processing  Unit 
(CPU),  an  onboard  regulator,  512  KB  Flash,  battery  backed  static  random  access  memory 
(SRAM),  1  MB  image  First  In,  First  Out  (FIFO),  an  image  sensor,  two  RS232  ports  and  a 
CompactFlash  interface.  There  is  also  a  real  time  clock  that  is  backed  up  with  the  battery 
and  three  16-bit  timer/counters.  With  a  switching  regulator  onboard  the  Eye-C  is  capable 
of  accepting  a  wide  range  of  power  from  8  to  35  V.  At  12  V  the  Eye-C  consumes 
approximately  120  mA.  The  two  RS232  ports  can  handle  up  to  a  1 15,200  baud  rate  with 
high  reliability  [8].  A  detailed  layout  of  all  the  components  on  the  Eye-C  controller  can 
be  seen  in  Figure  III- 17. 

In  summary,  the  Eye-C  camera  was  selected  for  the  RIGEX  project  because  it  had 
a  stand-alone  capability  when  provided  with  a  power  source,  thus  remaining  independent 
from  the  on-board  computer.  It  was  also  capable  of  capturing  sufficiently  detailed  and 
rapidly  sequenced  images  while  in  the  extreme  conditions  of  space. 
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Figure  III- 17:  Functional  Block  Diagram  of  the  Eye-C  [8] 


3.2.2  Integration  of  Eye-C  to  RIGEX 

3.2.2. 1  Programming  of  Eye-C 

For  RIGEX,  it  was  decided  that  the  Eye-C  controllers  would  most  effectively 
serve  their  purpose  by  independently  recording  images  of  the  tubes  and  storing  them  on  a 
CompactFlash  memory  card.  This  meant  that  the  image  processing  boards  from  the  old 
data  imaging  system  setup  could  be  removed  from  the  RIGEX  computer.  This  also 
meant  that  the  Eye-C  had  to  be  programmed  to  perform  this  function. 

In  order  to  communicate  with  the  Eye-C  controllers,  special  software  from  Tern, 
C++  Tern  Lite  Edition,  was  required.  The  Eye-C  controllers  were  first  connected  to  the 
computer  configured  with  C++  Tern  Lite  Edition  through  DB9  cables  with  a  COM  port 
connection  and  a  RS232  port  connection.  A  picture  of  the  connections  on  the  Eye-C  can 
be  seen  in  Figure  III- 18  below.  The  connection  to  the  serial  port  0  was  for  the  debug 
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cable  to  upload  the  application  on  the  controller.  The  serial  port  1  was  for  the  secondary 
cable  that  would  run  a  program  called  Eye-C  Viewer.  After  the  sample  application 
provided  was  installed,  run  and  debugged,  the  Eye-C  Viewer  program  could  be  opened. 
Once  the  correct  COM  port,  baud  rate,  and  file  name  was  set,  pictures  were  taken  from 
the  Eye-C.  Using  these  pictures  as  references,  the  CMOS  sensors  were  set  to  focus  by 
turning  the  outer  ring  around  the  lens. 


Figure  III- 18:  Connections  to  Eye-C  [8] 


Once  the  focus  of  the  lenses  was  set,  the  Eye-C  controllers  could  be  programmed 
for  their  intended  purpose.  Using  sample  codes  provided  with  the  software,  an 
application  was  generated  for  the  Eye-C  controller  to  command  it  to  run  independently 
and  store  its  data  to  a  CompactFlash  memory  card.  A  sample  of  this  code  is  provided  in 
Appendix  B. 

To  develop  the  application  software  for  the  Eye-C  controllers  for  stand-alone 
operation  two  steps  had  to  be  made,  as  seen  in  Figure  III- 19.  The  application  had  to  be 


65 


downloaded,  run,  and  debugged.  After  step  one,  a  stand-alone  field  test  had  to  be 
conducted.  In  order  to  do  this,  first  the  Eye-C  was  powered  down,  and  the  C++  Tern 
Lite  Edition  software  was  closed.  The  application  now  resided  in  the  battery-backed 
SRAM  starting  at  an  address  of  0x08000.  While  the  power  to  the  Eye-C  controller  was 
off,  the  Step  2  jumper  (seen  in  Figure  III-20)  was  removed.  A  connection  to  the  Eye-C 
controller  through  serial  port  0  was  made  with  Hyper  Terminal.  At  power-on,  the  ACTF 
was  sent  to  Hyper  Terminal.  Using  the  command  “G08000”  the  application  was 
executed.  The  Step  2  jumper  was  reinstalled  to  its  original  location  and  power  was  cut  to 
the  Eye-C  controller.  After  this,  every  time  the  power  was  restored  to  the  Eye-controller, 
the  application  would  be  executed.  This  was  done  to  all  three  Eye-C  controllers.  A 
stand-alone  field  test  was  then  conducted  for  all  three  controllers  by  powering  on  the 
controllers  with  a  properly  formatted  CompactFlash  memory  card  installed  for  several 
seconds.  Power  was  then  cut  and  the  memory  cards  were  checked  for  data.  All  three 
Eye-C  controllers  successfully  returned  images  in  bmp  format. 


Figure  III- 19:  Development  of  Application  Software  [8] 
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Figure  III-20:  Physical  Description  of  the  Eye-C  [8] 


3. 2. 2. 2  Determination  of  Recording  Method 

The  Eye-C  cameras  were  capable  of  recording  images  in  VGA  and  QVGA.  With 
VGA  the  active  pixels  were  640  x  480  and  with  QVGA  the  active  pixels  were  320  x  240. 
A  test  was  run  to  record  images  in  both  modes.  The  images  obtained  were  of  comparable 
quality,  and  since  the  QVGA  mode  allowed  faster  acquisition,  it  was  selected  for  use 
during  the  experiment.  Some  sample  images  from  this  test  in  the  QVGA  mode  are 
displayed  in  Figure  III-21. 
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Figure  III-21 :  Tube  Deflated  and  Folded  /  Fully  Expanded  with  QVGA 


A  second  test  was  conducted  to  determine  the  true  fps  with  the  Eye-C  at  AFIT. 
This  test  was  performed  by  placing  a  stopwatch  capable  of  reading  to  the  hundredth  of  a 
second  in  front  of  the  CMOS  sensor.  The  Eye-C  camera  ran  for  several  minutes.  After 
comparing  several  frames  it  was  determined  that  the  true  fps  of  the  Eye-C  controller 
storing  images  to  the  CompactFlash  memory  card  was  approximately  9/10  of  a  second. 
Some  sample  images  from  this  test  are  displayed  below  in  Figure  III-22. 


Figure  III-22:  Images  of  Setup  with  Stopwatch 
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A  third  test  was  run  to  determine  if  the  images  on  the  memory  card  would  be 
erased  if  the  power  was  reset.  The  images  were  saved  on  the  memory  card  in  a  standard 
sequential  order.  The  question  was  that  if  the  power  to  the  Eye-C  controller  was  reset, 
would  that  order  start  over  at  zero  when  new  images  were  saved  to  the  memory  card?  To 
determine  this,  the  same  setup  with  the  stopwatch  was  used.  The  power  to  the  Eye-C 
camera  was  reset  five  times  in  30  second  intervals.  After  analyzing  the  images  on  the 
card,  it  was  found  that  pictures  existed  from  each  of  the  five  intervals.  Whenever  power 
is  restored  to  the  Eye-C  controllers  it  begins  storing  images  where  it  last  left  off.  This  is 
believed  to  be  due  to  the  onboard  real  time  clock  that  stamps  each  image  with  an  internal 
time  of  creation. 

If  the  card  becomes  full,  the  camera  simply  stopped  recording  new  images.  It  was 
suspected  that  if  the  battery  is  removed  from  the  Eye-C,  the  image  capturing  program 
stored  on  the  SRAM  will  be  erased,  and  the  real  time  clock  reset.  However,  this  has  not 
yet  been  tested. 

3.2.23  Modification  of  CompactFlash  Interface  and  Power  Connection 

When  the  Eye-C  arrived  from  Tern,  it  originally  had  a  thin  aluminum  housing 
around  the  interface  for  the  CompactFlash  memory  card.  The  aluminum  housing 
enclosed  a  system  of  linkages  for  ejecting  the  memory  card.  These  linkages  connected  to 
a  large  plastic  ejector  arm.  After  placing  the  Eye-C  in  the  aluminum  enclosures  it  was 
discovered  that  it  no  longer  fit  with  this  ejector  arm  attached.  Using  a  small  Phillips 
screw  driver,  these  card  ejector  systems  were  simply  popped  off.  An  image  of  removing 
these  ejector  systems  is  displayed  in  Figure  III-23. 
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Figure  III-23:  Removal  of  Ejector  System 


The  first  arrangement  of  the  Eye-C  cameras  in  RIGEX  intended  to  use  stock 
power  connection,  as  seen  in  Figure  III-20.  After  further  testing,  it  was  found  that  the 
power  connections  did  not  actually  fit  through  the  end  plates  of  the  provided  aluminum 
enclosures.  The  factory  push  pin  connector  was  square,  while  the  hole  in  the  end  plate 
was  round.  The  first  attempt  to  resolve  this  problem  was  to  use  a  Dremel  tool  and  round 
out  the  power  input  to  fit  in  the  circular  hole.  This  modification  can  be  seen  in  Figure 
III-24.  This  attempt  was  successful  except  that  it  exposed  the  positive  lead.  This 
positive  lead  had  to  be  insulated  or  the  boards  could  be  shorted  out.  This  was  not 
possible  due  to  the  additional  dimension  that  the  insulation  would  require,  as  there  was 
no  room  between  the  positive  lead  and  the  endplate. 
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Figure  III-24:  Modification  of  Factory  Push  Pin  Connector 


The  second  effort  was  to  replace  the  pushpin  connector  with  a  power  terminal. 
This  did  in  effect  work  except  that  the  only  power  terminals  that  were  found  at  AFIT 
were  from  bench  stock.  These  had  to  be  cut  down  and  modified  to  fit  on  the  Eye-C 
cameras.  This  modification  can  be  seen  in  Figure  III-25.  The  fact  that  these  power 
terminals  were  modified  from  bench  stock  would  end  up  leading  to  a  complication  in 
acquiring  approval  from  STP,  since  these  terminals  did  not  have  a  certificate  of 
compliance  [21].  The  importance  of  this  documentation  process  is  explained  in  Chapter 
IV. 
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Figure  III-25:  Replacement  of  Pushpin  Connector  with  Modified  Power  Terminal 


The  final  solution  was  to  remove  the  power  connection  all  together.  The  power 
wires  were  soldered  directly  to  the  boards,  and  tension-relief  mechanisms  were  attached 
with  epoxy  along  the  ribs  adjacent  to  the  cameras.  An  image  of  the  final  design  is 
displayed  in  Figure  III-26. 
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Figure  III-26:  Power  Wires  Soldered  Directly  to  Eye-C  Board 

3. 2. 2. 4  Aluminum  Enclosures 

The  Eye-C  controllers  on  RIGEX  require  an  aluminum  enclosure  not  only  for 
mounting  to  the  experimental  top  plate  but  also  for  protection.  On  reentry,  it  is  possible 
that  several  components  will  become  loose  and  begin  violently  bouncing  around  inside 
RIGEX.  This  is  partially  the  reason  for  the  shroud.  In  order  to  successfully  retrieve  data 
for  analysis,  which  is  stored  on  the  CompactFlash  memory  card  of  each  Eye-C,  the 
memory  cards  must  be  undamaged.  To  ensure  their  survivability,  each  Eye-C  controller 
will  be  housed  in  an  aluminum  enclosure.  As  mentioned  before,  the  Eye-C  cameras  did 
not  actually  fit  in  the  aluminum  enclosures  provided  by  Tern  as  intended.  The  Eye-C 
camera  board  is  exactly  four  inches  and  so  is  the  aluminum  extrusion  that  houses  it, 
which  can  be  seen  in  Figure  III-27.  On  each  end  of  the  aluminum  extrusion  two  different 
end  plates,  which  can  be  seen  in  Figure  III-28,  are  used  that  interfere  with  protruding 
items  on  the  Eye-C  boards.  Until  the  power  adapter  was  removed,  it  extended  past  the 
edge  of  the  board  and  did  not  fit  in  the  hole  on  End  Plate  B.  On  the  other  end,  the  LED 
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power  indicator  extends  past  the  edge  of  the  board,  and  End  Plate  A  did  not  have  a  cut¬ 
out  for  this  LED. 


Figure  III-27:  Eye-C  Camera  and  Aluminum  Enclosure  [8] 
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Figure  III-28:  Annotated  Drawings  of  Endplates  [8] 


The  interference  with  power  input  was  solved  when  it  was  removed,  but  the 
interference  with  the  LED  remained.  The  only  solution  was  to  modify  End  Plate  A. 
Using  a  Dremel  tool,  a  cut-out  was  made  for  the  LED,  which  can  be  seen  in  Figure 
III-29.  This  made  it  possible  for  the  end  plate  to  attach  flush  against  the  aluminum. 
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Figure  III-29:  Adding  Cut-Out  for  LED  with  Dremel  Tool 


Another  issue  with  the  aluminum  enclosures  that  was  not  addressed  until  the  final 
preparation  of  RIGEX  was  the  exterior  coating.  All  three  enclosures  including  the 
extrusion,  endplates  and  screws  were  covered  with  black  paint.  This  was  overlooked  due 
to  the  incorrect  assumption  that  they  were  anodized.  When  this  discovery  was  made,  the 
first  approach  was  to  find  out  the  composition  of  the  paint  and  how  it  was  applied.  After 
thorough  searching,  it  was  determined  that  Tern  does  not  make  nor  modify  any  part  of 
the  enclosure  for  the  Eye-C  boards,  which  were  actually  manufactured  for  the  R-Box 
(another  Tern  controller).  The  Eye-C  enclosure  is  a  RS-3010  aluminum  extrusion  cut  to 
a  4"  length,  modified  specifically  for  Tern  (RS-3010-4020-TRN)  along  with  two 
machined  end  panels  and  screws,  which  are  manufactured  by  a  company  called  Extrusion 
Technology  (Xtech).  The  enclosure  includes  two  machined  end  panels  and  screws,  all 
pieces  powder  coat  painted,  overspray  allowed,  which  means  that  they  were  washed, 
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tumbled,  pre-washed,  racked,  electromagnetically  charged,  painted,  and  then  baked.  The 
paint  used  by  Xtech  is  XT-002  Black  Powder  Coat  -  Smooth.  Xtech  purchased  the  paint 
from  Morton  Paint  Company,  one  of  the  8  major  business  segments  of  U.S.  Chemical  & 
Plastics  (USC)  that  specialize  in  developing  specialty  coatings  for  the  automotive  repair 
and  refinishing  market.  It  was  finally  decided  that  it  was  nearly  impossible  to  determine 
the  actual  chemical  properties  of  the  paint.  The  next  step  was  to  remove  the  paint.  After 
several  attempts  at  sandblasting  and  applying  paint  thinner,  the  paint  still  remained  on  the 
enclosures. 

The  final  decision  was  made  to  order  new  bare  aluminum  enclosures  from  Xtech 
directly,  without  any  coating.  The  enclosures  were  ordered  and  delivered  to  AFIT.  Since 
the  enclosures  were  directly  ordered  from  Xtech,  the  end  plates  were  blank  and  had  to  be 
modified  along  with  the  blank  extrusion.  These  blank  pieces  can  be  seen  in  Figure 
III-30.  On  End  Plate  A  the  same  cut-out  from  the  original  plate  was  added  along  with  the 
cut-out  for  the  LED.  On  End  Plate  B,  only  a  small  hole  was  drilled  for  the  power  wires 
since  the  power  connector  on  the  Eye-C  boards  was  removed.  On  the  aluminum 
extrusion  there  were  four  holes  added  on  the  bottom  for  the  fasters  along  with  four 
through  holes  on  the  top.  On  the  top  a  1”  holes  was  added  for  the  CMOS  sensor.  These 
modifications  can  be  seen  in  Figure  III-31. 
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Figure  III-30:  Aluminum  Enclosures  with  Blank  Endplates  and  Extrusions 


Figure  III-3 1 :  Aluminum  Enclosures  with  modifications  to  Endplates  and  Extrusions 

After  all  the  modifications  were  made  to  the  bare  aluminum  enclosures  at  AFIT, 
they  needed  to  be  treated.  Just  as  all  the  other  aluminum  pieces  fabricated  at  AFIT,  they 
were  sent  to  TechMetals  to  be  anodized  (see  5.1.2).  The  4-40  x  3/8  pan  head  screws  that 
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secure  the  endplates  to  the  extrusion  did  not  have  to  be  treated  since  they  were  made  of 
stainless  steel.  When  they  were  returned,  a  final  design  for  the  aluminum  enclosures  of 
the  Eye-C  was  finally  completed.  A  picture  of  the  anodized  pieces  is  seen  in  Figure 
III-32.  An  assembly  of  these  enclosures  with  the  Eye-C  can  be  seen  below  in  Figure 
III-33. 


Figure  III-32:  Aluminum  Enclosures  after  Being  Anodized 


Figure  III-33:  Aluminum  Enclosure  Assembled  Together  with  Eye-C  Inside 
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3. 2. 2. 5  Final  Preparation 

After  the  Eye-C  cameras  were  programmed  and  all  the  complications  with  the 
power  input  and  aluminum  enclosures  were  resolved,  the  Eye-C  cameras  had  to  be 
prepared  for  flight.  The  cameras  were  checked  out  in  a  vacuum  chamber  at  extreme 
temperatures  specified  by  NASA  to  ensure  survivability  and  functional  ability  in  the 
harsh  space  environment.  This  testing  is  discussed  in  further  detail  in  Chapter  IV.  Due 
to  potential  outgassing  from  different  electrical  components  on  the  Eye-C  boards,  they 
had  to  be  conformally  coated  (see  5.1.6).  After  these  steps  were  taken  the  Eye-C  cameras 
were  inserted  into  the  aluminum  enclosures  and  finally  integrated  into  the  RIGEX 
assembly. 

3.3  Design  Modifications  Summary 

Even  with  the  exceptional  efforts  of  past  AFIT  students,  the  changes  required 
during  the  wave  two  assembly  could  not  have  been  predicted.  The  final  drawing 
package,  as  submitted  in  this  thesis,  consists  of  a  previous  drawing  package  updated  with 
all  of  the  modifications  discussed  in  this  chapter.  These  modifications  include  creation  of 
new  component  drawings,  detailing  of  existing  component  drawings,  and  updating 
component  placement  on  the  final  assembly,  as  built.  This  top  level  assembly  drawing 
package  of  RIGEX  can  be  found  in  Appendix  A. 

The  data  imaging  system  underwent  a  total  transformation  from  the  old,  bulky, 
computer  dependent  cameras  to  the  compact,  independent  Eye-C  cameras.  Integration  of 
these  cameras  to  RIGEX  was  a  culmination  of  programming  the  Eye-C  controllers, 
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determining  the  specifics  of  their  application,  hardware  modifications  and  developing  an 
acceptable  aluminum  enclosure. 
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IV.  Final  Preparation  and  Testing  of  RIGEX  at  AFIT 


Before  RIGEX  can  be  finished  and  shipped  to  Houston,  it  must  undergo  final 
testing  and  preparation  at  AFIT.  At  AFIT,  two  final  tests  will  require  a  Thermal  Vacuum 
Chamber  (TVAC),  one  will  test  certain  components  in  RIGEX  and  the  second  will  test 
the  overall  assembly  of  RIGEX.  The  inflation  system  on  RIGEX  must  be  filled  with 
nitrogen  before  shipment.  To  ensure  that  there  will  be  a  sufficient  amount  of  nitrogen  in 
the  tanks  when  it  is  time  to  inflate  the  tubes,  a  leak  test  must  also  be  performed. 

4. 1  Final  Testing  of  RIGEX  components  in  a  Thermally  Controlled,  Vacuum 
Environment 

To  conduct  any  type  of  experimental  research  in  space  through  NASA,  there  are 
several  requirements  that  must  be  met.  One  such  requirement  is  certification.  According 
to  the  Aeronautical  Quality  Clause  by  NASA  QC02-N  CERTIFICATE  OF  COMPLIANCE 
(C  of  C)  [NASA  AQC05J:  “an  organization  shall  provide  certification  with  each  shipment 
that  attests  the  parts  or  assemblies  conform  to  the  order  requirements  [21].”  As  seen  in 
Table  IV- 1,  there  are  several  items  of  information  such  as  an  order  number,  a  purchase 
order,  an  address  of  the  manufacturer,  the  original  manufacture’s  lot  number,  the  unit  of 
measurement,  and  the  authenticity  that  a  Certificate  of  Compliance  (COC)  must  contain. 
All  this  must  be  included  to  be  considered  valid  by  NASA. 


82 


Table  IV- 1:  Requirements  of  Certification  [21] 

Certification  must  contain  the  following: 


Customer’s  Order  number  (JPL’s) 


Line  number  from  the  Contract/Purchase  Order 


Part  number  as  identified  in  the  Contract/Purchase  Order 


Name  and  address  of  manufacturing  or  processing  location 


Manufacturer’s  lot  number,  heat  lot  number,  batch  number,  date  code,  and/or  serial  number/s  (if  applicable) 


Quantity  and  unit  of  measurement  (each,  box,  case,  gallons,  etc.) 


Be  signed  and  dated  by  an  official  of  the  company. 


If  a  part  or  assembly  does  not  have  a  COC  that  states  the  manufacture  has  tested 
the  part  or  assembly,  then  it  must  be  tested  and  documented  before  it  can  be  used.  One 
major  concern  for  testing  is  the  harsh  environment  of  space.  The  majority  of  components 
that  make  up  RIGEX  have  a  COC  stating  their  capability  in  the  environment  of  space  that 
is  valid  with  NASA.  A  few  components  either  have  COCs  that  are  not  acceptable  or  just 
do  not  have  one.  These  components  must  be  tested  in  a  TVAC  to  simulate  the  effects  of 
space  and  determine  their  performance  in  a  vacuum  environment  with  extreme 
temperatures. 

4.1.1  Methodology 

Thermal  vacuum  testing  is  one  of  the  most  critical  environmental  tests  for  space 
applications.  It  is  used  to  detect  workmanship  deficiencies  and  determine  the  overall 
flight- worthiness  of  a  space  vehicle  by  subjecting  it  to  flight- like  operating  conditions 
[29],  According  to  MIL-HDBK-340,  “...  Thermal  vacuum  testing  is  vital  in  ensuring 
successful  mission  operations  of  units,  subsystems  and  vehicles,  which  operate  at  high 
altitudes.  For  upper  stage  and  space  vehicles  it  represents  the  essential  conditions  of  the 


83 


operational  environment.  Thermal  vacuum  testing  provides  assurance  that  the  unit, 
subsystem  or  vehicles  will  operate  successfully  within  expected  thermal  extremes  of  its 
mission  environment.” 

Although  thermal  vacuum  testing  is  a  widely  used  and  an  historically  accepted 
practice,  its  validity  is  still  questioned.  Thermal  vacuum  testing  is  very  costly  and  time 
consuming.  Another  method  used  at  ambient  pressure  is  a  system  level  thermal  cycle 
(TC)  test. 

The  purpose  of  a  system  level  TC  test  is  to  detect  defects  in  the  material,  process 
or  workmanship  of  the  space  vehicle  hardware  by  exposing  it  to  thermal  stresses.  This  is 
done  by  subjecting  the  hardware  to  an  environment  where  the  temperature  cycles  from 
hot  to  cold  extremes  [29],  The  thermal  cycle  test  is  conducted  at  ambient  pressure.  The 
thermal  vacuum  testing  screens  for  the  same  defects  searched  for  in  the  thermal  cycle  test 
as  well  as  occurrences  that  would  only  be  found  in  a  vacuum  environment.  Such 
occurrences  include  outgassing,  multipacting,  and  corona/arcing,  which  only  occur  in  a 
thermal  vacuum  condition.  Outgassing  occurs  when  a  material  that  is  placed  in  a  vacuum 
environment  and  is  subjected  to  heat,  emits  gas  or  water  vapor  inherent  to  the  material 
[6],  Multipacting  is  a  phenomenon  of  resonant  electron  multiplication  [19].  Corona  or 
arcing  is  the  energy  transfer  through  the  spontaneous  growth  of  electrically  conductive 
single  crystal  structures.  These  are  also  known  as  whiskers.  Pure  tin,  which  is  used  to 
plate  most  common  electronic  connectors,  is  highly  susceptible  to  this  phenomenon  as 
seen  in  Figure  IV- 1.  In  a  metal  vapor  arc,  the  solid  metal  whisker  is  vaporized  to  plasma, 
which  is  highly  conductive,  capable  of  carrying  hundreds  of  amperes  and  ultimately 
results  in  an  electrical  failure  [20], 
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Figure  IV- 1:  Tin  Whiskers  [20] 


Both  the  TV  AC  testing  and  TC  testing  play  an  important  role  in  screening  for  a 
wide  range  of  defects.  TV  AC  testing  focuses  on  performance  verification  while  TC 
testing  focuses  on  environmental  stress  screening.  A  comparison  of  these  tests  can  be 
seen  in  Table  IV-2  .  Of  both  tests,  the  TVAC  test  truly  exercises  the  subject  in  an 
environment  that  simulates  operation  conditions  in  space. 


Table  IV-2:  Thermal  Test  Objective  Comparison  [29] 


Test  Objectives 

TVAC 

TC 

Electrical  intermittence 

X 

X 

Orbital  Environment  Performance 

X 

Thermal  Control 

X 

Arcing 

X 

Multi  pacting/Corona 

X 

Material  Outgassing 

X 

Latent  Defect/Failure 

Propagation 

X 

X 

Thermal  Stress  Effects 

X 

X 

Integration  Hardware  Verification 

X 

X 
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Another  purpose  of  using  a  TVAC  for  space  vehicles  is  vacuum  bakeout.  Using  a 
chamber  set  to  a  high  vacuum  (10~5  Torr),  hardware  can  be  effectively  baked  to  minimize 
contamination  from  outgassing  [33].  For  these  reasons,  TVAC  testing  was  undertaken. 
Space  Simulator  Vacuum  System. 

The  Space  Simulator  Vacuum  System  at  AFIT  was  manufactured  by  PHPK 
Technologies,  which  was  founded  in  1911  and  is  now  a  major  supplier  of  cryogenic  and 
high  vacuum  equipment.  PHPK  Technologies  specializes  in  custom  systems  that  are 
built  in  an  ASME  Section  VIII,  Division  2  approved  facility  with  all  welding  personnel 
and  procedures  ASME  Section  IX  certified. 

The  Space  Simulator  Vacuum  System  is  composed  of  three  modules:  the  Vacuum 
Chamber,  the  Thermal  Control  Unit  (TCU),  and  the  Operator  Interface  Enclosure.  Each 
module  will  be  discussed  separately  in  following  sections.  This  system  was  designed  and 
tested  to  meet  the  performance  requirements  found  in  Table  IV-3. 


Table  IV-3:  Space  Simulator  Vacuum  System  Performance  Requirements 


Temperature  Range: 

-60°C  to  +100°C 

Ramp  Rate: 

2°C/Min. 

Test  Article  Size: 

30"  wide  x  30"  tall  x  36"  long 

Modular  Construction: 

To  fit  through  70"  wide  hallways  and  7'-0" 

Vacuum  Chamber: 

Leak  tested  to  1x1  O'9  Std  cc/sec  helium 
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4. 1.1.1  Vacuum  Chamber 


The  vacuum  chamber  is  60”  in  diameter  and  approximately  60”  long.  The 
chamber  is  constructed  of  3/8”  thick  304  series  stainless  steel  mounted  to  a  painted  steel 
base.  See  Figure  IV-2.  The  chamber  is  equipped  with  penetrations  at  several  locations  to 
allow  wiring  to  pass  into  the  chamber  for  data  and  power.  These  penetrations  include  CF 
type  knife  edge  sealing  flanges  and  QF  o-ring  flange  and  clamp  designs,  which  are  all 
recognized  by  the  American  Vacuum  Society  as  high  vacuum  sealing  devices.  On  top  of 
the  chamber  there  are  two  pressure  relief  devices  that  will  relieve  pressure  at 
approximately  1  to  3  psig.. 


Figure  IV-2:  Vacuum  Chamber 
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On  one  end  of  the  chamber,  there  is  a  hinged  door  that  opens  the  full  60” 
diameter.  The  chamber  is  sealed  using  a  3/8”  diameter  o-ring  along  the  metal  edge  when 
the  door  is  closed  and  the  clamping  system  is  engaged.  When  the  chamber  is  pumped  to 
the  desired  vacuum,  the  door  clamps  are  no  longer  necessary  to  provide  pressure  on  the 
seal.  In  addition,  the  clamps  should  not  be  tightened  while  under  a  vacuum  because 
when  the  chamber  is  brought  back  to  ambient  conditions  it  may  be  difficult  to  remove 
them.  The  clamps  may  also  be  damaged  due  to  overloading.  The  hinges  for  the  door  on 
the  chamber  are  commercially  manufactured  ball  bearings,  which  allow  smooth 
movement  of  the  door. 

Inside  the  chamber  there  are  three  temperature  controlled  structures:  the  thermal 
shroud,  the  platen  and  the  inner  door.  These  structures  are  constructed  of  aluminum  and 
are  traced  with  D-shaped  aluminum  tubing  within  which  the  thermally  controlled  heat 
transfer  fluid  flows.  The  inside  surfaces  of  the  thermal  shroud  and  the  inner  door  are  also 
painted  with  vacuum  compatible  low  emissivity  black  paint.  Care  must  be  taken  not  to 
scratch  or  spill  any  fluids  on  these  structures  while  working  inside  the  chamber.  The 
platen  is  not  treated  and  is  capable  of  holding  up  to  a  200  lb  test  article.  The  platen  can 
be  manually  pulled  out  for  ease  of  loading  and  unloading  test  articles.  All  three 
structures  can  be  removed  for  cleaning  inside  the  chamber  if  necessary  [26]. 

4. 1 . 1 . 1 . 1  Vacuum  Controller 

The  CC-10  is  the  vacuum  controller  in  Space  Simulator  Vacuum  System  at  AFIT. 
The  CC-10  is  a  self-contained,  compact  digital  wide  range  vacuum  gauge  and  controller. 
The  CC-10  is  capable  of  providing  measurements  from  atmospheric  pressure  to  10"9  Ton- 
using  two  sensor  types.  A  crystal  sensor  is  used  to  measure  from  atmospheric  pressure  to 
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10'4  Torr  and  a  double  inverted  magnetron  cold  cathode  is  used  to  measure  from  10'3  to 
10~9  Torr  [27], 

4. 1 . 1 . 1 .2  Vacuum  Roughing  Pump  (VP03I 

The  vacuum  roughing  pump  in  the  Space  Simulator  Vacuum  System  at  AFIT  is  a 
D40B  model  two  stage  rotary  vane  pump  by  Leybold.  The  roughing  pump  is  equipped 
with  an  exhaust  filter  model  AF  by  Leybold  Vacuum  Products.  A  mole  sieve  unit 
equipped  with  an  electric  heater  for  regeneration  is  included  in  the  vacuum  line  to 
prevent  oil  migration  from  the  vacuum  pump.  The  vacuum  roughing  pump  is  installed  on 
top  of  the  chamber  to  provide  a  rough  vacuum  system  and  to  provide  a  backing  vacuum 
pump  for  the  turbomolecular  pump.  The  vacuum  roughing  pump  is  designed  to  pump  the 
chamber  down  to  a  vacuum  of  1.0x10'  Torr  [27]. 

4.1. 1.1.3  Vacuum  Turbomolecular  Pump  (TP01) 

The  vacuum  turbomolecular  pump  in  the  Space  Simulator  Vacuum  System  at 
AFIT  is  a  15 1C  model  from  Leybold  Vacuum  Products.  The  turbo  pump  is  rated  at  1 
horsepower.  The  turbo  pump  is  mounted  on  top  of  the  chamber  to  achieve  the  highest 
vacuum  possible  quickly.  The  ultimate  vacuum  in  the  chamber  is  dependent  upon  the 
amount  and  type  of  contamination  inside  the  chamber  along  with  the  amount  of 
outgassing  from  the  test  article  inside  the  chamber  [27], 

4.1.1. 1.4  Regulators 

The  regulators  in  the  Space  Simulator  Vacuum  System  at  AFIT  are  type  700 
precision  air  pressure  regulators  by  ControlAir  Inc.  The  regulators  provide  accurate 
control  for  an  application  that  requires  a  high  flow  capacity.  An  aspirator  tube  adjusts  the 
air  supply  in  accordance  with  the  flow  velocity.  With  the  use  of  the  aspirator  tube, 
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regulated  pressure  is  maintained  under  varying  flow  conditions.  Constant  output 
pressure,  even  during  wide  supply  pressure  variations,  is  due  to  a  poppet  valve  balanced 
by  a  rolling  diaphragm  [21]. 

4. 1.1. 2  Thermal  Control  Unit  (TCU) 

The  thermal  control  unit  consists  of  cryogenic  valves,  cryogenic  piping,  a  liquid 
circulating  pump,  a  heater,  a  heat  exchanger,  and  an  expansion  tank,  as  seen  in  Figure 
IV-3.  There  is  also  a  cold  box,  which  is  a  static  vacuum  insulated  vessel  constructed  of 
14”  thick  stainless  steel.  This  cold  box  allows  for  frost-free  operation  during  cold  runs 
and  allows  protection  from  hot  piping  during  hot  runs.  This  is  where  most  of  the 
cryogenic  piping  and  valves  are  mounted.  The  piping  near  the  pump  and  the  flex  hose  at 
the  inlet  of  the  pump,  which  has  a  conical  strainer  welded  into  it,  both  are  mechanically 
insulated  to  allow  for  pump  removal.  The  heater,  seals  and  plugs  on  the  cryogenic  valves 
are  designed  to  be  replaced  without  breaking  the  static  vacuum.  The  only  component 
that  is  not  accessible  is  the  heat  exchanger,  which  typically  does  not  require  repair. 
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Figure  IV- 3:  Thermal  Control  Unit  (TCU) 


4. 1 . 1 .2. 1  Liquid  Circulating  Pump 

The  liquid  circulating  pump  in  the  Space  Simulator  Vacuum  System  at  AFIT  is  an 
Isochem  GMC8-AAK-KKFC  model  sealless  magnetic  drive  gear  pump  manufactured  by 
Pulsafeeder.  The  pump  is  designed  to  circulate  FIFE-7200  heat  transfer  fluid  by  3M 
throughout  the  system  at  a  minimum  pressure  differential  of  40  psig  [27]. 

4.1. 1.2.2  Thermal  Fluid 

The  thermal  fluid  in  the  Space  Simulator  Vacuum  System  at  AFIT  is  HFE-7200 
Novec  engineered  fluid  by  3M.  Some  technical  specifications  of  the  fluid  in  provided  in 
Table  IV-4. 
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Table  IV-4:  Technical  Specifications  of  HFE-7200  [27] 


Selection  Guidelines 

(Equipment  operating  temperature) 

Boiling  Point  (°C) 

Low 

76 

Pour  Point  (°C) 

-138 

Vapor  Pressure  (Pa) 

1 5.7x1 03 

Density  (kg/m3) 

1420 

Coefficient  of  Volume  Expansion  ^C'1) 

0.0016 

Kinematic  Viscosity  (cSt) 

0.41 

Absolute  Viscosity  (centipoise) 

0.58 

Specific  Heat  (J  kg'1  “C'1) 

1220 

Heat  of  Vaporization  @  B.P.  (J/g) 

119 

Dielectric  Strength  (kV,  0.1"  gap) 

~40 

Dielectric  Constant  (IKHz) 

7.3 

Volume  Resistivity  (Q  cm) 

w 

4. 1.1. 2. 3  Heater 

The  heaters  in  the  Space  Simulator  Vacuum  System  at  AFIT  are  industrial 
flanged  immersion  heaters  manufactured  by  Wiegand.  The  terminal  enclosure  of  the 
heaters  is  moisture  resistant  and  explosion  resistant. 

4. 1.1.3  Operator  Interface  Enclosure 

The  operator  interface  enclosure  controls  all  of  the  remote  operated  devices  in  the 
system.  It  is  made  up  of  an  SCR  module,  power  switches,  230/120  Volt  transformer, 
turbomolecular  pump  controller,  and  a  chamber  control  assembly.  The  SCR  module 
controls  the  heater  in  the  thermal  control  unit.  The  power  switches  control  the  main 
power  supply  and  disconnect  to  all  systems.  The  230/120  Volt  transformer  powers  the 
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120  Volt  devices.  The  turbopump  controller  is  electrically  connected  to  the  chamber 
control  assembly  and  enables  the  remote  start/stop  function  of  the  pump.  The  chamber 
control  assembly  includes  the  operator  interface  graphic  screen  which  entails  eight 
different  screens  described  below  that  control  the  vacuum  system  and  report  all 
indications  of  the  system.  The  operator  interface  graphic  screen  can  be  seen  on  the 
operator  interface  enclosure,  in  Figure  IV-4 


Figure  IV-4:  Operator  Interface  Enclosure 


4.1 .1.3.1  The  Vacuum  Enclosure  Overview  Screen 
The  HMI  vacuum  enclosure  screen  graphically  shows  the  heater,  cooler 
exchanger  and  flow  control  valves  in  its  P  and  I  diagram.  Real  time  data  is  shown  for  the 
temperature,  the  flow  and  the  valve  output  valves.  Alarms  are  shown  in  the  alarm 
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banner.  When  the  alarm  Triangle  starts  flashing  red,  clicking  on  the  red  triangle  will 
bring  up  the  alarm  summary.  The  push  buttons  on  the  bottom  of  the  screen  allow  the 
operator  to  navigate  to  other  screens. 

4. 1.1. 3.2  The  Fluorinert  Temperature  Controller  Screen 

The  vacuum  enclosure  has  two  controllers.  The  first  is  Loop  0;  it  is  used  for  the 
SCR  Heater.  The  second  is  Loop  1;  it  is  used  for  the  Cooling  Exchanger  Valve.  The 
Segment  Temperature  Setup  Screen  is  determined  by  the  controller’s  set  point.  Under 
the  controller  there  are  data  entry  windows  for  tuning  parameters  including  proportional, 
integral,  and  derivative. 

4.1. 1.3.3  The  Segment  Temperature  Setup  and  Trend  Screen 

For  cycling  temperatures  in  the  chamber  there  are  ten  segments  that  are  available 
for  ramp  rate,  dwell  temperature  and  dwell  time  (zero  =  segment  skipped  over).  The 
heating  and  cooling  is  located  in  each  segment.  They  are  controlled  by  the 
Programmable  Logic  Controller  (PLC)  and  compare  the  current  chamber  temperature  and 
set  the  dwell  temperature.  Once  the  dwell  temperature  is  set  and  reached,  there  is  a 
default  soak  time  of  60  seconds  before  the  dwell  time  is  activated.  The  elapsed  time  of 
each  segment  is  displayed  on  the  lower  right  comer  of  the  screen.  The  real-time  trend 
screen  under  the  segment  entry  shows  segment  step  number  and  temperature  values  for 
the  Fluorinert  to  Chamber  Temperature  (TE10),  the  Platen  Temperature  (TE15),  the 
Cylinder  Shroud  Temperature  (TE16),  and  the  End  Shroud  Temperature  (TE17).  Real¬ 
time  trend  screens  advance  in  ten  second  increments. 
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4.1. 1.3.4  The  Vacuum  Chamber  Overview  Screen 


The  vacuum  chamber  screen  graphically  displays  the  vacuum  chamber  and  PI 
diagram.  The  temperature  and  pressure  is  shown  in  real-time.  The  pumps  and  valves 
that  are  controlled  from  this  screen  include;  the  roughing  pump,  the  turbopump,  valve 
FV02,  valve  FV06  and  valve  FV10. 

4.1. 1.3.5  The  Chamber  Controller  Screen 

The  three  controllers  are;  Loop  2  the  cylinder  flow,  Loop3  the  end  shroud  flow 
and  Loop  4  the  platen  flow.  The  controllers  balance  temperature  in  a  specific  area  and 
control  the  TE  110  Fluorinert  temperature  supply.  The  data  entry  window  under  the 
controller  includes  proportional,  integral,  and  derivatives  used  for  tuning  the  parameter. 

4. LI. 3. 6  The  Temperature  Historical  Screen 

The  vacuum  chamber  temperatures  and  the  step  numbers  are  historically  trended 
against  time  in  this  screen. 

4.1. 1.3.7  The  Alarm  Summary  Screen 

The  HMI  alarm  summary  screen  is  a  summary  of  alarms  generated  by  the  PLC. 
An  active  unacknowledged  alarm  will  flash,  and  an  active  acknowledged  alarm  will  stop 
flashing. 

4.1. 1.3.8  The  Login  Screen 

If  this  security  feature  were  enabled,  this  screen  would  allow  the  user  to  log  in 
using  the  on-screen  keyboard. 

4.1.2  Component  Testing. 

As  stated  in  the  beginning  of  this  chapter,  it  must  be  documented  that  every 
component  of  RIGEX  is  capable  of  withstanding  the  environmental  elements  of  space.  If 
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the  component  does  not  have  the  proper  paperwork  from  its  manufacture  stating  that  it  is 
capable  of  withstanding  the  environmental  elements  it  must  be  tested  before  being 
launched  into  space.  On  the  final  assembly  of  RIGEX  there  are  six  different  components 
that  must  meet  this  requirement.  The  ovens  that  will  heat  the  tube  specimens  to  their 
glass  transition  temperature,  the  oven  controllers,  the  solid  state  relays  that  will  supply 
the  oven  controllers,  the  computer  that  will  control  the  entire  autonomous  system  of  the 
RIGEX  experiment,  the  cameras  that  will  provide  the  secondary  documentation  during 
the  expansion  of  the  tube  specimens  and  the  LEDs  that  will  provide  illumination  for  the 
cameras. 

4. 1.2.1  Test  Setup 

To  assess  if  these  six  components  could  withstand  the  environmental  elements  of 
space  they  were  tested  in  the  Space  Simulation  Vacuum  System  by  PHPK  Technologies. 
Each  one  was  required  to  undergo  testing  through  a  temperature  profile  provided  by 
NASA  for  the  expected  mission  parameters.  These  are  displayed  in  Table  IV-5.  Each 
component  must  endure  the  survivable  temperatures,  with  the  cold  boundary  located  at  - 
65°C  to  -60°C  and  hot  boundary  located  at  74°C  to  79°C,  under  a  vacuum  without 
becoming  defective.  They  also  must  be  able  to  perform  their  designated  task  in  a  vacuum 
at  the  functional  temperatures  with  the  cold  boundary  located  at  -50°C  to  -45°C  and  hot 
boundary  located  at  45°C  to  50°C. 
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Table  IV-5:  Temperature  Profile  for  Component  Testing  in  TVAC  [26] 


Temperature  Limitations 

Lower 

Allowable 

Upper 

Allowable 

Limit 

Deviation 

Limit 

Deviation 

Survivable  Temperatures  (°C) 

-60 

(-5/+0) 

74 

(+5/-0) 

Functional  Temperatures  (°C) 

-45 

(-5/+0) 

45 

(+5/-0) 

The  components  were  placed  on  an  aluminum  plank  that  were  then  bolted  down 
to  the  platen  of  the  vacuum  chamber  with  copper  mesh  between  the  aluminum  plank  and 
the  platen  to  help  promote  conduction.  Once  all  the  components  had  been  situated,  the 
next  step  was  to  connect  all  the  wiring  between  the  wiring  connection  interfaces  inside 
the  chamber  and  all  the  components  as  well  as  the  wiring  between  the  components 
themselves.  Outside  of  the  chamber  all  the  wiring  between  the  RIGEX  space  shuttle 
power  emulator  and  5  VDC  power  supply  was  connected. 

To  test  the  local  temperature  at  certain  components,  thermocouples  were 
positioned  near  the  location  of  these  individual  components.  The  thermocouple  wiring 
was  connected  to  the  wiring  connection  interfaces  inside  the  chamber.  Then  a  connection 
was  made  from  the  wiring  connection  interfaces  outside  the  chamber  to  the  thermocouple 
wiring  interfaces  on  the  data  acquisition  system.  A  computer  set  up  with  Lab  VIEW 
software  version  8.2  [4]  was  used  for  logging  the  data  read  from  the  thermocouples. 
LabVIEW  is  a  graphical  program  development  application  from  National  Instruments 
used  to  integrate  engineering  tasks  such  as  interfacing  computers  with  instruments, 
collecting,  storing,  analyzing,  and  transmitting  measured  data,  developing  a  program  in  a 
graphical  environment,  and  providing  an  effective  user  interface  [4], 
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4.1.2.2FVT 


A  functional  verification  test  (FVT)  of  the  components  was  conducted  three 
times:  once  at  ambient  temperature  and  pressure,  and  twice  under  a  vacuum;  once  at  the 
low  limit  of  the  functional  profile  and  once  at  the  high  limit  of  the  functional  profile.  The 
FVT  Ambient  setting  were  conducted  first  to  ensure  that  all  the  proper  connections  have 
been  made.  After  the  FVT  had  been  completed  the  chamber  was  sealed  and  put  under  a 
vacuum.  A  representational  diagram  of  how  the  chamber  would  be  cooled  and  then 
heated  is  portrayed  in  Figure  IV-5. 


Time 


Figure  IV-5:  Temperature  Profile  of  TV  AC  Testing 

To  conduct  the  ambient  FVT,  the  power  supply  was  activated  and  set  to  an  output 
of  5  VDC.  The  emulator  was  turned  on  and  a  visual  feedback  with  the  DC- 13  DN  was 
assessed.  After  completion,  the  chamber  was  closed  and  prepared  for  the  vacuum  FVTs. 
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The  vacuum  roughing  pump  was  activated  from  the  vacuum  chamber  overview 
screen  on  the  operator  interface  enclosure.  Once  the  chamber  reached  5x1  O'5  Torr,  the 
turbo  pump  was  activated.  The  turbo  pump  will  not  operate  unless  there  is  a  sufficient 
flow  of  water  running  through  it,  due  to  overheating.  After  a  high  vacuum  was  achieved, 
the  thermal  control  system  was  implemented.  The  circulating  liquid  pump  was  activated 
from  the  vacuum  enclosure  screen  and  monitored  to  ensure  that  at  least  12  GPM  was 
flowing  through  the  pump.  After  all  the  information  including  ramp  rate,  dwell 
temperature,  and  dwell  time  was  entered  for  each  segment  on  the  segment  temperature 
setup  and  trend  screen,  the  cycle  was  started. 

The  temperature  in  the  chamber  was  lowered  slowly  to  the  survivable  cold  limit 
and  remained  there  until  the  components  had  reached  -60°C.  Then  the  temperature  was 
raised  to  the  operational  cold  limit  and  remained  there  until  the  components  had  reached  - 
45°C.  This  is  when  the  second  FVT  was  conducted  just  as  before.  After  a  successful 
FVT,  the  chamber  temperature  was  raised  to  the  survivable  hot  limit  and  remained  there 
until  the  components  have  reached  74°C.  After  all  the  components  had  successfully 
reached  74°C  the  chamber  will  be  lowered  down  to  the  operational  hot  limit.  Once  all 
the  components  being  tested  reached  45°C  the  third  and  final  FVT  was  conducted.  After 
completion,  all  the  temperature  limits  had  been  successfully  met  and  the  thermal  control 
system  was  shutdown.  The  chamber  was  allowed  to  cool  naturally  to  conserve  the 
gaseous  nitrogen.  Once  the  temperature  of  the  chamber  returned  to  room  temperature, 
the  appropriate  valves  were  opened  to  introduce  air  into  the  chamber  to  allow  the 
chamber  pressure  to  rise  and  equalize  with  the  atmospheric  pressure. 
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4.1.23  Results 


The  components  were  subjected  to  an  extreme  survival  cold  limit  then  brought  up 
to  the  operating  cold  limit  and  the  second  FVT  was  conducted.  The  readings  of  the  local 
thermocouples  placed  on  the  components  being  tested  are  listed  in  Table  IV-6.  The 
system  was  then  taken  up  to  the  survivable  hot  limit  and  brought  down  to  the  operating 
hot  limit.  Once  this  temperature  was  reached  the  third  FVT  was  conducted.  Readings 
from  the  thermocouples  placed  at  each  component  being  tested  are  given  in  Table  IV-6. 
After  the  FVT  was  complete  the  chamber  was  slowly  brought  back  to  ambient  conditions 
and  shutdown. 


Table  IV-6:  Thermocouple  Readings 


Thermocouples 

Cold 

Hot 

Chan 

Location 

Oper. 

Oper. 

# 

Description 

Limit 

Limit 

0 

Tube  Fold  (Inside  Oven) 

-52.27 

45.54 

1 

LED  mounting 

-43.43 

31.22 

2 

Oven  Controller 

-33.55 

51.03 

3 

Mounting  Plate 

-47.83 

49.05 

4 

Solid  State  Relay 

-42.66 

45.93 

5 

Camera  Board 

-50.52 

48.35 

6 

Processor  Board 

-48.84 

47.98 

7 

DAQ  Board 

-48.1 

47.35 

Following  the  indications  from  the  DS-13  on  the  Shuttle  Emulator,  all  three  FVT 
were  completed  successfully.  Once  the  chamber  was  shut  down,  the  components  were 
taken  out  so  the  data  imaging  system  could  be  analyzed  for  results.  The  memory  card 
seemed  to  be  corrupted  and  was  unable  to  be  read.  The  cameras  were  still  functioning 
properly  after  the  testing,  so  it  can  be  assumed  that  the  only  damage  was  to  the  memory 
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cards  themselves.  After  further  discussion,  it  was  concluded  that  the  CompactFlash 
memory  cards  were  poorly  manufactured,  generic  products  and  that  industrial  grade  cards 
with  higher  rated  operating  limits  would  solve  this  problem.  Industrial  cards  with 
specifications  for  operating  within  the  required  temperature  profile  limits  were 
purchased,  and  formatted  to  work  with  the  Eye-C  cameras. 

4.2  Final  Preparation  and  Performance  Testing  of  RIGEX Inflation  System 

4.2.1  Introduction 

The  inflation  system  that  is  now  employed  on  the  current  RIGEX  configuration 
has  gone  through  many  changes.  The  first  inflation  system  was  created  initially  by 
DiSebastian,  which  consisted  of  one  tank  pressurized  to  approximately  400  psi.  Then  it 
evolved  through  testing  that  was  conducted  with  Lindenmuth.  The  final  system,  which 
consists  of  three  tanks  only  pressurized  to  14.7  psi  (1  atm),  was  designed  by  Moeller.  A 
layout  of  the  components  for  one  of  the  three  setups  is  displayed  in  Figure  IV-6  and  each 
component  is  described  in  Table  IV-7. 
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Figure  IV-6:  Inflation  System  Component  Layout 


Table  IY-7:  Component  Description  of  Inflation  System 


A 

Pressure  Transducer 

B 

Tank 

C 

Male  Connector  with  1/4"  NPT  Thread 

D 

1/4"  Stainless  Steel  Tubing 

E 

1/4"  Male  Connector  with  Branch,  1/4"  NPT  Thread 

F 

Angle  Pattern  On-Off  (2-Way)  Valve  with  Stainless  Steel  bar 

G 

Male  Adapter  with  1/8"NPT  Thread 

H 

Solenoid 

1 

Male  Connector  with  1/8"  NPT  Thread 

J 

1/4"  Stainless  Steel  Tubing 

K 

Male  Connector  with  Positional  Branch,  SAE  Straight  Thread 

L 

Female  Adapter  with  1/2"  NPT  Thread 

M 

Pressure  Transducer 
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4. 2. 1.1  Piping 

The  piping  used  in  final  RIGEX  assembly  is  !4”  inch  stainless  steel  tubing 
manufactured  by  Swagelok.  The  stainless  steel  tubing  is  used  to  connect  the  male 
connector  with  a  !4”  NPT  thread  branch,  which  integrates  the  fill  valve  in  the  system  to 
the  male  connector  on  the  tank.  The  stainless  steel  tubing  is  also  used  to  connect  the 
male  connector  with  the  position  branch,  which  screws  into  the  bottom  of  the  oven 
mounting  plate  and  to  the  male  connector  on  the  solenoid.  The  stainless  steel  tubing  is 
bent  using  a  manual  tube  bender  to  fit  through  the  RIGEX  structure.  Note  the  tubing  is 
not  bent  as  drawn  in  Figure  IY-6. 

4. 2. 1.2  Pipe  Fittings 

There  are  several  pipe  fittings  used  in  the  inflation  system.  There  are  four  male 
connectors  used:  a  male  connector  with  a  %”  NPT  thread  to  connect  the  tank  to  the 
stainless  steel  tubing,  a  male  connector  with  1/8”  NPT  threads  to  connect  the  stainless 
steel  tubing  to  the  solenoid,  a  male  connector  with  a  !4”  NPT  thread  branch  that  connects 
the  fill  valve  to  the  rest  of  the  system,  and  a  male  connector  with  a  positional  branch, 
which  has  SAE  straight  threads  that  connects  the  stainless  steel  tubing  to  the  oven 
mounting  plate  and  pressure  transducer.  There  is  one  female  adapter  with  V"  NPT 
threads  that  connects  the  pressure  transducer  to  the  inflation  system  through  the  male 
connector  with  the  positional  branch  near  the  tubes.  There  is  one  male  adapter  with  1/8” 
NPT  threads  that  connects  the  solenoid  to  the  union.  The  fill  valve  is  an  angle  patter  On- 
Off  (2-way)  valve.  Originally,  they  were  fitted  with  the  stock  nylon  handles  and  were 
changed  to  the  stainless  steel  bar  handles,  which  allowed  more  room  for  maneuvering  in 
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the  small  environment  of  the  center  chamber.  These  handles  are  removable,  and  will 


only  be  installed  temporarily  for  the  filling  procedure. 

4. 2. 1.3  Pressure  Transducers 

The  pressure  transducers  in  the  system  are  2911  models  from  Taber  Industries. 
The  pressure  transducers  were  designed  using  finite  element  analysis  and  other  computer 
modeling  tools  to  provide  optimum  performance.  The  pressure  transducers  provide 
isolation  from  induced  stresses  generated  from  installation  torque,  temperature 
excursions,  vibration  and  shock.  The  pressure  transducers  also  provide  protection  from 
high  over-pressure  [28]. 

The  pressure  transducers  are  very  reliable  and  highly  accurate  due  to  the 
manufacturing  techniques.  The  pressure  transducers  are  welded  and  calibrated  at  the 
factory  to  meet  the  MIL-STD  461  EMI  standards.  The  pressure  transducers  are  also 
engineered  for  severe  vibration  and  shock  environments.  The  technical  specifications  of 
the  pressure  transducers  can  be  seen  in  Figure  IV-7  [28], 
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Mechanical 


Electrical 


Pressure  Ranges 

Ranges  from  0-2  thru  0-20k  psi 

Input  Voltage 

Proof  Pressure 

221 1A  15  to  200  psi  500  psi 

Model  2211A 

Calibrated  at  10  Vdc  (15  Vdc  max) 

500  to  20k  psi  1.5X  std.  range 

Model  2911C* 

20-36  Vdc  Unregulated 

291 1C  &  F  2  to  10  psi  100  psi 

Model  2911F 

8-36  Vdc  Unregulated  Vdc 

15  to  200  psi  500  psi 

Power  Supply  Rejection 

±  0.002%  per  Volt  input  change 

300  to  5000  psi  3X  std.  range 

7.5k  to  10k  psi  2X  std.  range 

Model  2211A 

Output 

Model  2211A 

N/A ;  ratio-metric  output 

15k  to  20k  psi  1.5X  std.  Range 

3  mV/V 

Burst  Pressure 

221 1A  15  to  200  psi  >1000  psi 

Model  2911C 

0-5  Vdc  Isolated  * 

500  to  5k  psi  >3X  std.  Range 

Model  2911F 

4-20  mAdc 

7.5k  to  20k  psi  >2X  std.  range 
2911C&F  2  to  200  psi  >1000  psi 

Zero  Balance 

±1.0%  FSO* 

300  to  5000  psi  >6X  std.  range 

FSO  Setting 

±  0.5%  FSO  * 

7.5k  to  10k  psi  >3X  std.  range 

Resolution 

Infinite  (±  0.001%  FSO  usable) 

15k  to  20k  psi  >2X  std.  Range 

Pressure  Port  MS33656-4  male  * 

(Alternate  pressure  ports  available) 

Response  Time 

Insulation  Resistance 

Less  than  3  ms  (10-90%  FSO) 

Greater  than  100  M  Ohms  @  50  Vdc 

Elect.  Connection 

Mates  W/MS311610-6S* 

Reverse  Ffolarity  Protected 

Yes 

Materials 

316L,  347, 17-4  Stainless  Steel  * 

Output  Short  Circuit  Protected  Yes 

(Plus  materials  of  electrical  connector  and  cable) 

EMI/RR  Protected 

2911C  and  2911F 

Dimensions 

Weight 


Per  outline  drawing  below 
Less  than  170  g. 


Performance 


-  Environmental 

Compensated  Temp  Ffenge  -20  to  76°  C  (-4  to  170°  F)  * 

Operating  Temp  Range  -54  to  +121°  C  (-65  to  250°  F) 

Storage  Temp  Range  -54  to  +121°  C  (-65  to  250°  F) 

Triaxial  Shock  30  g's  for  1 1  ms  without  calibration  shift 


Static  Accuracy  +  0.25%  FSO  *  (BFSL,  RSS) 

(Combined  effects  of  non  linearity,  hysteresis  and  repeatability) 
Repeatability  +  0.075%  FSO 

Temperature  Error  Band  ±  1.5%  FSO  *  over  comp  range 
(Combined  effects  of  Zero  and  FSO  with  reference  at  28°  C) 
Long  Term  Stability  +  0.1%  FSO  per  annum 


Vibration  Rating  25  grms 


Acceleration  Error  From  ±  0.0015%  FSO/g  to  ±  0.2%  FSO/g 

(highest  to  lowest  pressure  range) 


*  Options  available 


Stcndad  wring 

nrW/V  end  0-5  VDC  PTCttE-lO-tf 


Exdtalcn(+)  A 

Exdtatan|)  D 

Signer  (+)  B 

Sigxl  (•)  C 

RTD  E  &  F 

4-20mAdc 


Exatatan  A 

Signd/Rdirn  B 

RTD  E  8i  F 


455  Bryant  Street 

North  Tonawanda,  New  York  14120  USA 

Phone  1.800.333.5300 (U.S.)  or  716.694.4000  (outside 

U.S.) 

Fax  716.694.1450 

Email  sales@taberindustries.com  TK08/01 


Figure  IV-7:  Technical  Specifications  of  Pressure  Transducers  [28] 


There  are  two  pressure  transducers  on  each  inflation  system,  with  a  total  of  six  on 
RIGEX,  one  located  near  the  input  the  oven  mounting  plate  where  the  tubes  attach  and 
one  on  the  end  of  the  tanks.  Once  the  pressure  system  is  activated,  nitrogen  gas  that  is 
held  from  the  solenoid  back  to  the  tank  will  flow  through  the  system  up  through  the  oven 
mounting  plate  and  into  the  rigidizable  inflatable  tubes.  The  pressure  transducers  will 
monitor  the  pressure  in  the  system  and  will  activate  the  solenoid  when  they  read  equal 
pressure  and  the  venting  process  will  begin. 
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4.2.2  Charging  of  Inflation  System 

In  order  to  fill  the  tanks  on  the  RIGEX,  a  system  of  hoses  and  fittings  along  with 
a  vacuum  gauge  connected  to  a  vacuum  pump  and  a  nitrogen  source  had  to  be  created. 
The  layout  of  this  apparatus  can  be  seen  in  Figure  IV-8. 


Figure  IV-8:  Layout  of  Filling  System 


The  tanks  on  RIGEX  have  to  be  filled  with  pure  Nitrogen  gas.  The  tanks  also 
have  only  one  opening.  The  other  is  being  occupied  by  a  pressure  transducer.  The  only 
way  to  fill  the  tanks  with  pure  nitrogen  is  to  first  vacuum  out  the  air.  To  do  this,  a  system 
was  required  with  two  connections:  one  going  to  a  vacuum  and  one  going  to  a  nitrogen 
source,  connected  through  a  valve  to  switch  between  the  two. 

4.2.2. 1  Setup 

The  filling  system  starts  with  a  male  connector  with  V"  NPT  threads  connected  to 
a  steel  braided  hose  with  %”  pipe  ends.  The  steel  braided  hose  is  then  connected  to  a  %” 
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three-way  union,  which  is  connected  to  a  vacuum  gauge.  This  is  not  a  regular  pressure 
gauge.  The  gauge  is  capable  of  reading  pressures  from  -30  in.  Hg  to  30  psi,  which  can  be 
seen  in  Figure  IV-9.  The  !4”  three-way  union  is  also  connected  to  a  three-way  valve  with 
a  nylon  handle  through  the  common  port.  The  other  two  ports,  which  can  be  switched 
back  and  forth,  are  connected  to  the  nitrogen  and  vacuum  source.  The  nitrogen  source  is 
connected  through  a  steel  braided  hose  with  %”  pipe  ends  and  is  regulated  to  1  atm  (14.7 
psi)  through  a  Swagelok  regulator.  The  vacuum  is  created  using  a  vacuum  pump.  The 
vacuum  pump  is  connected  using  s  standard  vacuum  hose  with  standard  vacuum  fitting. 
The  vacuum  hose  is  connected  to  the  three-way  valve  through  a  metal  sleeve  that  fits  into 
the  vacuum  hose  and  screws  into  a  large  metal  block  with  female  ends  that  then  connects 
to  a  male  adaptor  with  1”  NPT  threads  and  a  !4”  pipe  end. 


Figure  IV-9:  Vacuum  Gauge 


4. 2. 2. 2  Pressurizing  System 

The  inflation  system  in  RIGEX  will  only  be  pressurized  to  1  atm  (14.7psi)  with 
nitrogen  gas.  To  complete  this  task,  the  filling  system  will  be  connected  to  one  of  the  fill 
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valves  on  the  inflation  system  of  RIGEX.  The  three-way  valve  will  be  set  with  the 
opening  to  the  vacuum  source.  The  valve  on  the  nitrogen  tank  will  be  opened.  The 
three-way  valve  will  be  set  to  the  nitrogen  temporarily  to  flush  the  air  out  of  the  hose. 
The  three-way  valve  will  then  be  closed.  The  fill  valve  on  the  inflation  system  of  RIGEX 
will  be  opened.  The  vacuum  pump  will  then  be  turned  on.  The  vacuum  gauge  will  be 
used  to  monitor  the  vacuum  in  the  setup.  Once  a  sufficient  vacuum  is  met,  the  three-way 
valve  will  be  switched  to  the  nitrogen  source  and  then  the  vacuum  pump  will  be  turned 
off.  When  a  pressure  of  1  atm  has  been  established  with  the  nitrogen,  the  fill  valve  on  the 
inflation  system  of  RIGEX  will  be  closed.  The  three-way  valve  will  be  switched  back  to 
the  vacuum  source.  The  filling  system  can  then  be  disconnected  from  the  fill  valve  and 
connected  to  the  next  fill  valve  on  the  inflation  system.  This  process  will  be  repeated 
until  all  three  tanks  are  filled  with  nitrogen.  After  this  is  complete,  the  flight  plugs  will 
be  inserted  into  the  fill  valves,  adding  a  secondary  method  to  contain  the  nitrogen  should 
the  fill  valves  fail. 

4.2.3  Inflation  System  Performance  Test 

Once  the  inflation  system  onboard  RIGEX  is  charged  (1  atm  of  nitrogen),  there 
will  be  an  extensive  amount  of  time  before  it  is  activated  to  inflate  the  tubes.  While  at 
approximately  mean  sea  level  (MSL)  the  system  will  not  likely  leak,  due  to  the  fact  that  it 
is  pressurized  to  ambient  conditions  of  1  atm  (14.7  psi).  Once  in  space  the  inflation 
system  will  be  under  a  vacuum  and  have  much  higher  potential  to  leak.  The  inflation 
system  will  have  to  be  able  to  wait  several  days  in  a  vacuum  before  it  is  activated. 
During  this  time  it  is  critical  that  the  inflation  system  does  not  leak.  In  order  to  ensure 
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that  the  inflation  system  onboard  RIGEX  complies,  it  must  be  tested  in  a  vacuum  before 
it  is  launched. 

The  inflation  system  on  RIGEX  was  divided  into  two  sections  by  Moeller.  The 
first  section  was  the  storage  section,  which  included  the  storage  vessel  and  all  the  tubing 
before  the  solenoid  valve.  The  second  section  was  the  inflation  section,  which  consisted 
of  the  rigidizable  inflatable  tube  and  the  stainless  steel  tubing  after  the  solenoid.  The 
nitrogen  gas  will  be  contained  in  the  first  section,  from  the  solenoid  back  to  the  tank  until 
the  time  of  inflation.  To  test  the  inflation  system  from  the  solenoid  to  the  tank,  the 
pressure  transducers  already  onboard  will  be  used.  The  pressure  transducers  connected 
to  the  tanks  will  be  rewired  to  connect  to  a  wiring  interface  on  a  data  acquisition  system. 

4.2.3. 1  Test  Setup 

In  order  to  effectively  test  the  performance  of  the  inflation  system  on  RIGEX  it 
must  be  placed  under  a  vacuum  since  it  is  only  charged  to  1  atm.  The  entire  RIGEX 
structure  must  be  placed  inside  the  Space  Simulator  Vacuum  System.  Once  the  RIGEX 
structure  is  placed  on  the  platen  inside  the  vacuum  chamber,  the  wiring  will  be  connected 
between  the  pressure  transducers  attached  to  the  tanks,  and  the  wiring  connection 
interfaces  inside  the  chamber.  Outside  the  chamber,  the  wiring  is  connected  between  the 
wiring  connection  interfaces  on  the  chamber  and  the  wiring  connection  interface  on  the 
data  acquisition  system.  This  data  acquisition  system  will  be  composed  of  the  same  setup 
with  data  logging  to  the  computer  configured  with  Lab  VIEW. 

4. 2. 3. 2  Inflation  System  Leak  Test 

In  a  similar  fashion  as  seen  in  the  previous  section,  the  chamber  door  will  be 
closed  and  sealed.  Under  mode  three  of  system  operations  for  the  Space  Simulator 
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Vacuum  System,  the  roughing  pump  and  turbo  pump  will  be  used  to  create  a  high 
vacuum.  Controlling  and  monitoring  these  pumps  will  be  done  from  a  vacuum  chamber 
overview  screen  on  the  operator  interface  enclosure.  Once  under  a  high  vacuum,  the 
pressure  in  the  storage  section  can  be  monitored  and  recorded  on  the  data  logging 
computer.  RIGEX  must  remain  under  a  vacuum  with  continuous  monitoring  for  at  least 
48  hours  to  ensure  accurate  results.  If  after  48  hours  no  pressure  loss  is  recorded,  the 
performance  of  the  inflation  system  can  be  deemed  successful.  If  a  pressure  loss  is 
recorded,  RIGEX  must  be  removed  from  the  chamber  and  inspected.  After  inspection 
and  all  repairs  are  made  RIGEX  will  then  be  placed  back  under  a  vacuum  and  tested 
again. 

4.3  Final  Preparation  and  Testing  Summary 

For  final  preparation  of  RIGEX  at  AFIT,  a  TVAC  testing  process  was  selected, 
which  can  be  seen  in  RIGEX  SPACE  SIMLUATOR  VACUUM  SYSTEM  COMPONENT 
TESTING  (TP-03),  located  in  Appendix  C,  Select  components  were  tested  in  the  Space 
Simulator  Vacuum  System  following  a  survivable  and  operational  temperature  profile. 
All  components  proved  to  be  successful  except  for  the  cameras.  This  was  due  to  the 
failure  of  the  memory  cards,  which  were  replaced  with  industrial  grade  components 
capable  of  meeting  the  temperature  requirements  set  by  NASA. 

Also,  for  the  final  preparation  of  RIGEX  at  AFIT,  a  method  of  charging  the 
inflation  system  was  chosen,  which  can  be  seen  in  RIGEX  INFLATION  SYSTEM 
NITROGEN  FILLING  PROCEDURE  (RP-09).  This  procedure  is  detailed  in  Appendix 
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D.  In  addition,  a  course  of  action  was  determined  for  testing  the  inflation  system  on 
RIGEX  for  leaks,  also  described  in  Appendix  D. 

Even  after  these  accomplishments,  several  tasks  still  remain  to  complete  RIGEX. 
These  tasks  are  discussed  in  the  Chapter  V. 


Ill 


V.  Conclusion  and  Future  of  RIGEX 


Over  the  course  of  the  past  year,  the  RIGEX  team  at  AFIT  has  taken  a  design, 
finalized  it,  and  produced  a  protoflight  model.  This  was  not  a  simple  undertaking,  but 
rather  a  taxing  endeavor  that  encountered  several  complications  along  the  way,  which  are 
discussed  in  this  chapter.  Each  of  these  impediments  had  to  be  assessed  and  a  solution 
determined  and  implemented.  In  the  process,  AFIT  has  acquired  knowledge  and 
equipment  that  will  help  with  the  development  of  future  space  payloads. 

With  the  final  RIGEX  assembly  almost  complete,  the  project  still  faces  many 
barriers.  These  include  final  TV  AC  testing,  vibration  testing,  and  electrical  testing  of 
RIGEX.  Additionally,  RIGEX  must  also  bear  the  stress  of  numerous  phases  of 
transportation  described  in  this  chapter  before  it  ever  reaches  the  launch  site. 

5. 1  Complications  to  Finalization  of  RIGEX  at  AFIT 

During  the  final  phases  of  completing  RIGEX  at  AFIT,  several  complications 
arose.  Some  of  these  problems,  such  as  the  drawing  package  and  the  data  imaging 
system,  have  been  mentioned  in  Chapter  III.  AFIT  encountered  several  other  obstacles 
that  have  not  yet  been  mentioned.  Some  include  the  poor  accuracy  of  the  aluminum  parts 
that  were  manufactured  at  the  AFIT  machine  shop,  the  incorrect  treatment  of  the  machine 
aluminum  parts,  and  the  determination  of  a  new  method  for  securing  the  seam  of  the 
shroud.  In  addition,  a  new  method  of  torquing  fasteners  to  RIGEX  had  to  be  determined, 
the  integrity  of  the  connection  of  the  ribs  to  the  experimental  top  plate  was  uncertain,  and 
the  first  attempt  to  conformally  coat  the  electrical  components  of  RIGEX  failed. 
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5.1.1  Fabrication  of  Aluminum  Parts 

The  aluminum  parts  that  make  up  the  RIGEX  structure  and  infrastructure  were 
design  by  Gunn-Golkin  in  2006.  The  aluminum  parts  were  first  fabricated  by  the  AFIT 
machine  shop.  When  a  fit  check  was  conducted,  it  was  found  that  several  of  the 
fabricated  parts  did  not  fit.  After  discussion,  it  was  decided  that  the  parts  needed  to  be 
remade.  The  parts  were  then  contracted  out  to  a  local  machine  shop  in  the  Dayton  area 
with  much  more  precise  machinery  that  could  manufacture  the  parts  with  accuracy  to 
within  thousandths  of  an  inch.  The  parts  include  the  four  ribs,  the  experimental  top  plate, 
and  the  oven  mounting  plate. 

5.1.2  Alodining  and  Anodizing 

Alodining  is  a  chemical  application  of  a  protective  chromate  conversion  coating 
on  aluminum  [3],  The  purpose  of  alodining  is  to  provide  good  protection  against 
corrosion  even  when  scratched.  When  exposed  to  salt  spray,  untreated  2024  aluminum 
usually  corrodes  in  less  than  24  hours,  but  with  alodining  it  can  last  150  to  600  hours. 
Alodining  also  provides  an  excellent  electrically  conductive  surface.  The  third  purpose 
of  alodining  is  to  help  promote  the  adhesion  of  paint.  In  some  circumstances,  it  can  be 
substituted  as  a  primer  [3].  Some  benefits  of  alodining  include  adding  no  measurable 
weight  and  not  altering  the  dimensions  of  parts.  There  is  essentially  no  cleanup  after 
application  and  there  is  no  electricity  or  skill  required  to  apply  it.  This  makes  the 
treatment  of  fabricated  parts  very  simple.  Some  disadvantages  of  alodining  are  that  two 
large  tanks  (which  are  capable  of  immersing  the  parts  being  treated)  are  required  for  the 
best  possible  job.  Also,  a  temperature  of  21°C  must  be  kept  for  treatment  and  an 
alodined  surface  is  not  as  durable  as  an  anodized  or  painted  part  [3]. 
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Anodizing  is  an  electrochemical  process  that  thickens  and  toughens  the  naturally 
occurring  protective  oxide  of  aluminum  [1],  The  main  purpose  of  anodizing  is  to  provide 
a  protective  layer  over  machined  aluminum  parts  against  corrosion.  Anodizing  is  also 
used  to  harden  the  exterior  of  aluminum  parts.  In  addition,  anodizing  provides  an 
electrical  insulation  to  aluminum  parts.  Some  of  the  benefits  of  anodizing  include  its 
durability.  Anodizing  is  a  reacted  finish  with  an  underlying  aluminum  that  has  an 
incredible  adhesion,  thus  giving  increased  longevity.  Anodizing  is  stable.  It  is  a  non¬ 
toxic,  heat-resistant,  chemically  safe  finish  that  provides  stability  to  ultraviolet  rays  and 
does  not  chip  or  peel.  Anodizing  is  also  aesthetically  pleasing.  It  can  be  produced  in 
several  colors  and  produces  a  surface  that  is  very  easy  to  clean  [1],  Some  disadvantages 
include  the  added  dimensions  to  parts  that  are  treated.  Anodizing  is  a  chemical  treatment 
that  sinks  into  the  metal  and  also  increases  the  thickness  of  a  part.  Anodizing  is  very 
difficult  to  reverse.  Once  treated,  the  best  method  of  removal  is  to  physically  remove  the 
layering  by  aggressive  sanding  or  grinding. 

Every  aluminum  part  of  the  RIGEX  structure  and  infrastructure  had  to  be 
alodined.  After  alodining,  some  parts  were  anodized  as  well.  Any  area  on  the  aluminum 
parts  that  was  intended  to  be  in  contact  with  another  part  was  treated  with  alodine  only  to 
help  promote  conductivity  throughout  the  structure.  Other  areas  of  each  aluminum  part 
were  anodized  to  help  protect  them  from  scratches  during  installation  and  subsequent 
corrosion  while  RIGEX  awaits  launch. 

TechMetals,  a  local  company  in  the  Dayton  area  that  specializes  in  engineered 
metal  finishes,  was  chosen  for  the  task  of  treating  the  fabricated  aluminum  parts.  All  the 
aluminum  parts  to  be  treated  were  taken  to  TechMetals  with  detailed  instructions. 
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When  the  aluminum  parts  were  brought  back  to  AFIT  for  inspection,  there  were 
areas  on  some  of  the  aluminum  parts  that  were  treated  incorrectly.  Two  of  the  ribs  had 
edges  that  were  anodized  when  they  were  only  to  be  alodined.  The  small  rib  with  a  pin 
puller  has  5  of  its  6  edges  anodized  by  mistake.  The  edge  that  contacts  the  experimental 
top  plate,  the  edge  that  contacts  the  shroud,  the  two  edges  that  contact  the  oven  mounting 
plate  and  the  edge  that  contacts  the  bottom  rectangular  plate.  The  large  rib  also  had  5  of 
its  6  edges  anodized  by  mistake.  The  edge  that  contacts  the  experimental  top  plate,  the 
edge  that  contacts  the  small  rib  with  a  pin  puller,  the  edge  that  contacts  the  bottom 
rectangular  plate,  and  the  two  edges  that  contact  the  oven  mounting  plate  had  errors. 
These  anodizing  mistakes  are  annotated  in  Figure  V-l.  The  dark  black  lines  represent  the 
edges  that  were  anodized  by  mistake.  The  yellow  lines  show  the  inner  alodine-to-alodine 
connections  between  parts. 

This  edge  contacts  the  This  edge  contacts  the 

experiment  top  plate  experiment  top  plate 


Figure  V-l:  Anodizing  Mistakes 
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There  were  few  options  as  to  how  to  treat  this  problem.  One  was  to  remake  the 
ribs  that  were  incorrectly  treated,  which  would  be  time  consuming  and  costly.  Another 
option  was  to  attempt  to  remove  the  anodizing  using  a  grinder  or  mill.  This  method 
would  end  up  altering  the  dimensions  of  the  ribs  and  putting  the  structure  of  RIGEX  out 
of  tolerances.  The  third  option,  which  was  the  simplest  and  most  cost  efficient,  was  to 
leave  the  ribs  is  as,  and  to  simply  conduct  a  resistance  test  between  the  ribs.  There  must 
be  a  sufficient  conduction  throughout  the  structure  for  grounding  to  occur,  and  this  can 
be  determined  with  an  Ohm  meter.  This  method  that  was  finally  chosen  and  the  ribs 
found  to  have  a  low  resistance,  proving  that  the  ground  was  well  conducted  through  the 
other  connections  in  the  ribs. 

5.1.3  Shroud 

As  previously  mentioned  in  Chapter  III,  the  shroud  had  to  be  modified.  After  the 
first  design  was  fabricated,  it  was  tested.  This  led  to  the  discovery  that  the  two  fasteners 
securing  the  seam  of  the  shroud  protruded  too  far  past  the  static  envelop  of  CAPE.  In 
fact  they  extended  even  past  the  Delrin  bumpers.  The  solution  was  to  cut  the  shroud  so 
that  it  did  not  overlap.  After  this  cut  was  made,  a  new  method  of  securing  the  seam  had 
to  be  determined.  One  idea  was  to  attach  the  shroud  with  the  seam  located  over  one  of 
the  ribs.  In  order  for  this  to  be  possible,  the  seam  had  to  be  cut  in  a  zigzag  pattern, 
alternating  after  each  hole  along  the  rib.  This  idea  is  demonstrated  in  Figure  V-2.  This 
method  of  attachment  was  never  implemented. 
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RIGEX  Sh 
Trim  Shro 
hole  mour 


Figure  V-2:  Zigzag  Approach  for  Attaching  Shroud 


The  method  of  attachment  that  was  finally  chosen  consisted  of  six  aluminum 
blocks  curved  to  the  inner  diameter  placed  along  the  seam.  The  location  of  these  blocks 
can  be  seen  in  Figure  V-3.  Each  of  these  curved  aluminum  blocks  had  two  heli-coiled 
holes  for  the  button  head  screws  on  each  side  of  the  seam,  which  can  be  seen  in  Figure  V- 
3.  For  these  blocks  to  effectively  connect  the  two  sides  of  the  joint  on  the  shroud,  the 
seam  must  be  cut  straight  with  the  six  holes  equally  spaced  on  each  side.  The  finished 
product  of  this  design  can  be  seen  in  Figure  V-4. 
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Six  equal-spaced  blocks 
with  2  heli-coils  each 
(located  inside  shroud) 


Shroud  joint  placed  over  computer  bay 
not  to  interfere  with  computer  container 


Shroud  joint  Button-head  screws  inserted  here 


heli-coils  Curved  aluminum  block  with 

approx,  dimensions  = 

0.375”  thick,  0.75”  high,  1 .75”  wide 


Figure  V-3:  Shroud  Joint  Concept 


Figure  V-4:  Final  Design  of  Seam 


Another  issue  that  was  not  previously  addressed  was  the  attachment  of  the  shroud 
to  the  ribs.  The  ribs  did  not  mate  with  the  shroud  in  a  perpendicular  manner  so  that  when 
the  button  head  screws  were  tightened,  they  were  placed  under  a  bending  load.  This 
concept  can  be  seen  in  Figure  V-5.  This  would  ultimately  lead  the  head  of  the  screws 
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shearing  off.  To  solve  this  dilemma  new  triangular  washers  were  custom  made  at  the 
AFIT  machine  shop.  An  illustration  of  these  washers  in  use  is  displayed  in  Figure  V-6. 


Figure  V-5:  Old  Concept  of  Shroud  Attachment 


Custom  Triangular  washers 
(aluminum  or  stainless) 


Figure  V-6:  Triangular  Washers 
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5.1.4  Torquing  Fasteners 

When  the  assembly  of  wave  one  began,  a  complication  arose  with  tightening  the 
fasteners  that  connected  the  ribs  together.  The  fasteners  used  were  countersunk  #2 
Phillips  screws.  A  torque  wrench  with  a  #2  Phillips  bit  was  used  to  measure  the  precise 
amount  of  force  applied  to  each  fastener.  After  tightening  down  only  a  few  of  the 
fasteners  the  bits  started  failing.  These  bits  either  started  to  twist  out  of  shape  or  shear 
off.  After  the  replacement  of  several  bits  the  method  of  tightening  the  fasteners  was 
reanalyzed.  It  was  found  that  by  applying  more  force  to  the  center  of  the  toque  wrench 
while  turning,  the  bits  would  function  without  failing  for  a  dramatically  longer  period. 
An  image  of  the  fasteners  being  tightened  down  with  more  force  being  exerted  on  the 
center  of  the  torque  wrench  can  be  seen  in  Figure  V-7. 


Figure  V-7:  Tightening  Fasteners  with  Torque  Wrench 
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5.1.5  Fasteners  to  Experimental  Top  Plate 

The  entire  structure  of  RIGEX  is  connected  using  several  different  types  of 
fasteners  that  were  selected  by  Gunn-Golkin  in  2006  for  their  different  tensile  strengths. 
After  thorough  analysis  from  STP,  is  was  found  that  two  fasteners  that  connect  RIGEX  to 
the  experimental  top  plate  were  in  a  negative  margin,  meaning  the  two  joints  could 
possibly  fail  by  shearing  the  threads  from  the  aluminum  and  pulling  out  of  the  rib.  This 
would  lead  to  a  critical  failure  in  flight  that  would  be  unacceptable. 

Several  solutions  to  this  problem  were  presented.  One  idea  was  to  drill  and  tap 
more  holes  in  the  ribs  connecting  RIGEX  to  the  experimental  top  plate.  Another  idea 
was  to  create  a  clearance  hole  and  add  a  locknut  to  the  critical  fasteners.  The  solution 
that  was  finally  chosen  entailed  the  replacement  of  the  countersunk  fasteners  with  longer 
counter  bored  socket  head  cap  screws  with  special  countersunk  washers.  The 
replacement  was  chosen  for  all  the  fasteners  that  connect  the  ribs  to  the  experimental  top. 
This  eventually  created  another  problem  with  the  experimental  top  plate.  Increasing  the 
diameter  of  the  counter  bore  in  the  holes  in  the  experimental  top  plate  near  the  inner 
rectangular  cut-out  meant  that  it  would  protrude  beyond  the  edge.  In  doing  this,  there 
would  be  a  sharp  edge  created  where  each  of  these  counter  bores  overlap  the  inner  edge 
of  the  experimental  top  plate.  The  location  of  these  counter  bores  is  pointed  out  in  Figure 
V-8. 
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Increasing  the  diameter 
of  the  counter  bore 
would  protrude  beyond 
the  edge  of  this  inner 
rectangle 


Figure  V-8:  Location  of  Counter  Bores  On  Experimental  Top  Plate 

The  solution  to  this  problem  was  to  open  the  counter  bores  all  the  way  to  the 
edge.  This  idea  is  illustrated  in  Figure  V-9.  By  extending  the  counter  bore  for  its  entire 
diameter  all  the  way  to  the  edge,  the  sharp  edge  was  eliminated. 


122 


5.1.6  Conformal  Coating  of  Electrical  Components 

In  accordance  with  STP  all  electrical  components  had  to  be  conformal  coated  to 
reduce  the  chance  of  outgassing.  The  conformal  coating  is  a  special  epoxy  based  coating 
that  is  comprised  of  a  resin  and  hardener  designed  specifically  for  electrical  applications. 
When  the  correct  portions  are  weighed  and  mixed  together,  the  compound  has  a  time 
window  for  applying  before  it  cures.  When  the  compound  cures,  a  rubberized  coating  is 
left  on  the  applied  product,  providing  effective  electrical  insulation.  After  storage,  the 
hardener  partially  crystallizes  and  it  was  recommended  by  the  manufacturer  to  heat  the 
hardener  to  dissolve  these  crystals.  Caution  to  not  overheat  (above  50°C)  is  advertised 
due  to  a  possible  explosion.  Because  of  this  possible  risk,  the  first  batch  of  conformal 
coating  was  made  by  extracting  some  of  the  hardener  with  a  syringe  that  was  then  heated 
in  a  beaker.  It  was  then  mixed  with  resin  and  applied  to  the  electrical  components. 
Images  of  the  conformal  coating  being  applied  to  the  electrical  components  of  RIGEX 
can  be  seen  in  Figure  V-10.  After  several  days  of  curing,  the  conformal  coating  still  had 
not  set.  This  phenomenon  was  realized  later  to  be  a  result  of  improper  mixing.  The 
heating  of  the  hardener  is  required  for  the  entire  container  to  thoroughly  mix  the 
ingredients.  Still  exercising  caution  against  an  explosion,  a  second  batch  was  made  by 
warming  the  hardener  through  conduction  from  hot  water.  This  was  first  tested  on  a 
sample  specimen.  When  this  batched  proved  to  be  successful,  the  rest  of  the  electrical 
components  were  recoated  after  the  old  conformal  coating  was  meticulously  removed. 
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Figure  V-10:  Applying  Conformal  Coating 


5.2  Final  Testing  of  RIGEX 

RIGEX  is  expected  to  launch  in  payload  bay  13  on  Space  Shuttle  flight  (STS) 
123.  This  will  be  the  twenty-fifth  space  shuttle  mission  to  visit  the  International  Space 
Station  (ISS).  The  current  launch  date  for  this  mission  is  February  2008,  but  this 
possibly  will  change  to  January  2008  due  to  an  ISS  requirement.  The  Endeavor,  which  is 
the  space  shuttle  expected  to  be  used  for  this  mission,  will  deliver  Kibo,  the  first  Japanese 
Logistics  Module,  and  Dextre,  the  Canadian  robotics  system,  to  the  ISS  [22],  In  order  for 
RIGEX  to  fly  on  this  mission,  several  tests  must  still  be  conducted  at  AFIT  and  Johnson 
Space  Center  (JSC). 

5.2.1  Final  TVAC  Testing  of  Entire  RIGEX  Assembly 

Before  RIGEX  can  be  packed  up  and  shipped  to  JSC  for  testing,  it  must  still  go 
through  more  testing  at  AFIT.  Just  as  the  individual  components  of  RIGEX  were  tested 
in  the  TVAC  chamber,  the  final  assembly  of  RIGEX  has  to  be  tested  as  well.  RIGEX 
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must  be  placed  under  the  same  conditions  in  the  TVAC  chamber  and  a  full  test  run  must 
be  performed  to  ensure  the  overall  performance  of  the  experiment.  Once  this  test  is 
performed  with  successful  results,  RIGEX  can  be  packed  and  sent  to  JSC  for  final 
testing. 

5.2.2  Vibration  Testing  at  JSC 

RIGEX  must  be  shipped  to  JSC  for  its  final  testing  before  flight.  RIGEX  is 
expected  to  sit  for  several  months  during  shuttle  preparations  before  for  it  is  actually 
launched  into  space,  followed  by  a  violent  launch  phase.  To  ensure  that  RIGEX  is  fit  for 
launch,  it  must  go  through  dynamic  environmental  testing,  as  expressed  in  NASA 
document  NSTS  37329,  Rev.  B.  NASA  document  NSTS  37329,  Rev.  B  states  that,  “as  a 
part  of  the  Space  Shuttle  Program  (SSP)  cargo  element  (CE)  integration  process,  a  series 
of  structural  analyses  will  be  performed  to  verify  the  structural  compatibility  of  the  CE 
with  the  Orbiter  and  with  other  CEs  in  the  cargo  bay  manifest[23].” 

As  stated  by  O’Neal  in  DEVELOPMENT  AND  TESTING  OF  THE  RIGIDIZABLE 
INFLATABLE  GET-AWAY-SPECIAL  EXPERIMENT,  vibration  testing  for  RIGEX  will 
take  place  at  the  Vibroacoustic  Test  Facility  (VATF),  Building  49,  at  JSC  in  Houston, 
TX.  The  RIGEX  Vibration  Test  Plan  was  developed  by  the  RIGEX  Payload  Integration 
Engineer,  Taylor  Carson  [32],  A  copy  of  this  document  is  provided  in  Appendix  E.  The 
document  provides  the  particulars  of  how  vibration  testing  will  be  conducted  for  the 
RIGEX  payload,  which  consist  of  the  RIGEX  assembly  mounted  inside  the  CAPE 
assembly.  The  CAPE-RIGEX  assembly  will  be  mounted  in  payload  bay  13  of  the  orbiter 
on  the  starboard  side  on  a  Small  Payload  Accommodation  (SPA)  Beam.  Vibration  testing 
will  be  conducted  with  the  CAPE-RIGEX  assembly  attached  to  a  surface  that  will 
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effectively  simulate  the  SPA  Beam  [32],  The  intent  of  this  dynamic  environment  testing 
is  to  qualify  the  Cape-RIGEX  for  flight.  Every  effort  will  made  to  perform  the  vibration 
testing  with  the  CAPE-RIGEX  assembly  as  similar  to  flight  as  possible.  There  will  be 
two  distinct  differences  between  the  flight  and  testing.  The  pigtail  cables  for  flight  will 
not  be  installed,  rather  Ground  Support  Equipment  (GSE)  cables,  which  will  be  fastened 
with  a  p-clamp,  will  be  used  instead.  The  three  composite  sub-Tg  tubes  used  in  testing 
will  be  identical  but  not  the  same  tubes  used  for  flight. 

5.2.2. 1  Random  Vibration  Environment 

Dynamic  environmental  testing  consists  of  the  following  parts:  a  random 
vibration  test  and  two  structural  stiffness  tests;  one  before  and  after  the  random  vibration 
test.  The  random  vibration  test  simulates  the  random  vibrations  experienced  during 
launch  by  varying  the  excitation  frequencies  over  prescribed  ranges  of  input  frequencies. 
The  maximum  expected  flight  level  (MEFL),  which  was  determined  from  NASA 
document  NSTS  21000-IDD-SML;  to  be  used  for  random  vibration  testing  is  6.8  Grms 
[32],  The  CAPE-RIGEX  assembly  will  undergo  random  vibration  testing  for  each  axis. 
The  protoflight  vibration  test  (PVT)  levels  for  the  CAPE-RIGEX  assembly  are  displayed 
in  Table  V-l.  These  PVT  test  levels  include  specific  levels  of  random  vibration  that  the 
CAPE-RIGEX  assembly  will  experience  in  each  axial  direction,  also  known  as  the  auto 
spectral  density  (ASD). 
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Table  V-l:  Random  Vibration  Test  Levels  [32] 


X-Axis 

ASD 

FREQ  (Hz) 

(G2/Hz) 

20.00 

0.010000 

80.00 

0.040000 

500.00 

0.040000 

2000.00 

0.010000 

Y-Axis 

ASD 

FREQ  (Hz) 

(G2/Hz) 

20.00 

0.010000 

45.00 

0.060000 

600.00 

0.060000 

2000.00 

0.010000 

Z-Axis 

ASD 

FREQ  (Hz) 

(G2/Hz) 

20.00 

0.010000 

70.00 

0.050000 

600.00 

0.050000 

2000.00 

0.010000 

5. 2. 2. 2  Structural  Stiffness  Verification  (Sine  Sweep  Test) 

Structural  Stiffness  Verification  tests,  as  reported  in  DEVELOPMENT  AND 
TESTING  OF  THE  RIGIDIZABLE  INFLATABLE  GET-AWAY-SPECIAL  EXPERIMENT 
by  O’Neal,  will  be  done  before  and  after  each  random  vibration  test  to  verify  no  damage 
has  occurred.  These  tests  are  also  known  as  sine  sweep  tests.  The  first  sine  sweep  test  is 
performed  three  times,  once  in  each  axial  direction.  In  this  test  the  natural  frequency  of 
the  CAPE-RIGEX  assembly  will  be  determined,  which  is  expected  to  be  above  35  Hz. 
The  sine  sweep  test  results  will  also  be  used  to  create  frequency  response  data.  This  data 
can  be  thought  of  as  the  payload’s  fingerprint.  After  the  CAPE-RIGEX  assembly 
completes  the  random  vibration  test  a  second  sine  sweep  test  will  be  conducted.  The  data 
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collected  during  this  second  sine  sweep  test  will  also  be  used  to  create  frequency 
response  data,  a  second  payload  fingerprint.  The  fingerprints  of  the  first  and  second  sine 
sweep  tests  are  compared  to  determine  if  the  payload  has  endured  the  random  vibration 
levels  to  which  it  was  subjected  and  has  survived. 

5.2.23  Instrumentation  Locations 

Data  from  these  tests  will  be  collected  through  the  use  of  a  series  of 
accelerometers  installed  on  the  CAPE-RIGEX  assembly  at  several  locations.  Both  tri- 
axial  and  single  axis  accelerometers  will  be  used.  The  placement  of  these  accelerometers 
can  be  seen  in  Figure  V-l  1.  The  tri-axial  accelerometers  are  shown  as  red  circles  and  the 
single  axis  accelerometers  are  shown  as  blue  triangles.  The  most  critical  accelerometers 
will  be  #6  and  #7,  which  will  be  located  on  the  oven  mounting  plate  where  the  cantilever 
effect  will  be  greatest. 


RIGEX 


Figure  V-l  1:  Instrumentation  Locations  [32] 
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5.2.3  EMI  Testing 

The  performance  of  electrical  systems  or  equipment  can  be  severely  degraded  due 
to  unwanted  signals  that  are  either  conducted  or  radiated  from  another  electrical  source. 
This  is  more  commonly  known  as  electromagnetic  interference  (EMI).  “Electromagnetic 
compatibility  (EMC)  is  the  ability  of  systems  to  function  as  designed,  without 
malfunction  or  unacceptable  degradation  of  performance  due  to  EMI  within  their 
operational  environment.  Any  electrical,  electromechanical,  or  electronic  equipment  must 
not  adversely  affect  the  performance  of  any  other  equipment  or  system  as  a  result  of  EMI 
and  vice  versa  [34].” 

The  electrical  systems  onboard  RIGEX  must  comply  with  the  EMC  standards  set 
forth  in  the  NASA  document  SL-E-0002-BOOK  3,  Vol.  1.  Not  only  can  EMI  generated 
by  electrical  systems  onboard  RIGEX  affect  the  performance  of  RIGEX  itself,  but  the 
electrical  systems  involved  with  the  shuttle  as  well.  This  could  result  in  a  complete 
mission  failure.  To  ensure  safe  and  dependable  system  performance  of  the  electrical 
components  on  RIGEX,  it  will  undergo  EMI  testing  at  JSC. 

5.3  Transportation  of  RIGEX 

To  facilitate  a  successful  testing  of  RIGEX,  several  details  had  to  be  addressed. 
Through  weekly  teleconferences  between  AFIT  and  STP,  the  fine  points  of  the  ground 
flow  plan  for  RIGEX  at  JSC  were  decided.  This  ground  flow  plan  includes  how  RIGEX 
will  be  received,  processed,  and  tested  at  JSC,  more  specifically  the  movement  of  RIGEX 
during  these  phases.  A  flow  chart  of  the  ground  flow  for  RIGEX  during  the  vibration 
testing  is  illustrated  in  Figure  V-12.  Upon  arrival  at  JSC,  RIGEX  will  be  unpacked  and 
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the  ground  cables  will  be  installed.  A  post-ship  FVT  will  be  conducted  before  sending  to 
the  VATF.  At  the  VATF  a  pre-vibe  FVT  will  be  performed.  RIGEX  will  then  be  placed 
in  CAPE  for  the  vibe  testing.  After  a  successful  vibe  test  a  post-vibe  functional  test  will 
be  performed.  RIGEX  will  then  be  transported  to  the  EMI  test  facility. 


Deliver  3  boxes  to 
OSS  -  CAPE 
Mounting  plate, 
Emulator,  and 
RIGEX 

(FedEx  Overnight) 


OSS  receives 
H/W,  OSS 
transfers  to 
Friendswood 
facility 


Unpack 
everything,  flip 
RIGEX,  remove 
shroud 


Install  Ground 
Cables,  shroud, 
CAPE  mounting 
plate,  connector 
plates,  p-clamps, 
CAPE  handles 


Perform  Post-ship 
Functional  Test 


X 


VATF  (Vibroacoustic 
Test  Facility  -  or  JSC 
Bldg  49)  technician  to 
install  accelerometers 
onto  bottom  of  RIGEX 
(allow  half  a  day  for 
this) 


Attach  Lifting 
Sling  to  CAPE 
mounting  plate, 
lift,  remove 
RIG EX’s  ”  feet” 


Perform  Pre-Vibe 
Functional  test, 
clean  H/W, 
transfer  to  JSC 


Transfer  to 
Bldg36,  Perform 
Mass  &  C.G.  test 


Install  RIGEX 
into  CAPE 


f 

> 

Remove  CAPE 

mounting  plate 

Successful  Vibe 

handles  for  Vibe 

Test 

test 

V 

J 

V 

) 

Perform  Post-Vibe 
Functional  test 


Place 

RIGEX/CAPE  on 
pallet,  cover  with 
tarp,  send  to 
storage/EMI  test 
facility 


AFIT  team  needs  ~3  hrs  before  Vibe  test,  0.5  hrs  after  Vibe  test 


Figure  V-12:  Ground  Flow  of  RIGEX  at  Vibe  Facility 


When  RIGEX  arrives  at  the  EMI  test  facility  a  pre-EMI  functional  test  will  be 
performed.  RIGEX  will  then  be  placed  in  the  EMI  chamber  and  the  EMI  test  will  be 
carried  out.  If  RIGEX  passes  the  EMI  test,  it  will  be  removed  from  the  chamber,  packed 
and  shipped  back  to  AFIT.  If  RIGEX  does  not  pass,  it  will  be  reset  and  tested  again.  A 
flow  chart  of  these  steps  is  shown  in  Figure  V-13. 
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Pass 

EMI? 
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a 


Remove  RIGEX 
from  EMI 
chamber 


AFIT  team  needs  ~1  hr  before  EMI  test 


'  Transfer  from  JSC  to  ' 
OSS  Friendswood. 
Remove  RIGEX  from 
CAPE.  Reinstall  feet  and 
handles  Disassemble 
cable,  CAPE,  Mounting 
Plate.  Repack  in  RIGEX 
shipping  containers.  J 


Install  RIGEX’s 
“feet”,  remove 
CAPE  mounting 
plate,  shroud, 
cables 

J 


g  \ 

Install  shroud, 
package  RIGEX, 
emulator,  CAPE 
mounting  plate 

v _ W 


EMI  test  passed,  AFIT  team  needs  ~3  hrs  after  EMI  test 


f  A 

-  Ship  to  AFIT 

" _ ) 


Fail 

EMI? 


EMI  test  failed,  AFIT  team  needs  5+  hrs  before  next  EMI  test  attempt 

Figure  V-13:  Ground  Flow  for  RIGEX  at  EMI  Facility 


Through  the  same  manner  AFIT  and  STP  determined  the  details  of  the  ground 
flow  for  RIGEX  at  the  Kennedy  Space  Center  (KSC)  through  numerous  teleconferences. 
A  ground  flow  plan  was  establish  for  prior  to  and  after  launch.  A  flow  chart  of  the  pre¬ 
launch  ground  flow  for  RIGEX  at  KSC  can  be  seen  in  Figure  V-14.  Each  step  is  color 
coded  to  indicate  the  responsibility  of  each  task.  Upon  arrival,  all  three  shipping 
containers  will  be  opened  and  RIGEX  will  be  assembled.  This  is  followed  by  an  overall 
inspection  of  the  interior  and  exterior  RIGEX.  The  flight  cables  will  be  installed  and  a 
post-ship  FVT  will  be  performed.  After  this  RIGEX  will  be  cleaned,  photographed  and 
prepared  for  integration  into  CAPE.  Once  in  CAPE  the  wiring  will  be  routed  and  a 
second  FVT  will  follow.  After  this,  the  CAPE-RIGE  assembly  will  be  cleaned  again, 
photographed  and  wrapped  in  Kapton.  The  CAPE-RIGEX  assembly  will  then  be 
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installed  in  the  payload  bay  of  the  orbiter  on  the  SPA  beam.  A  final  electrical  test  and 
IVT  will  complete  the  ground  flow  for  RIGEX  at  KSC  before  flight. 


Figure  V-14:  Pre-Flight  Ground  Flow  of  RIGEX  at  KSC 


Following  the  return  of  the  orbiter,  RIGEX  will  undergo  several  phases  of  the 
post-flight  ground  flow  at  KSC.  A  flow  chart  of  the  phases  is  shown  in  Figure  V-15. 
RIGEX  will  be  disconnected  and  removed  from  the  orbiter.  The  CAPE-RIGEX 
assembly  will  then  be  inspected  and  photographed.  RIGEX  will  then  be  detached  and 
removed  from  CAPE.  Following  this,  the  interior  and  exterior  of  RIGEX  will  be 
inspected  and  photographed.  The  flight  cables  and  memory  cards  on  the  cameras  will  be 
removed.  Finally  RIGEX  will  be  packed  and  shipped  back  to  AFIT  for  analysis  of  data. 
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OPF 


Figure  V-15:  Post-Flight  Ground  Flow  of  RIGEX  at  KSC 


5.3.1  Shipping  Containers 

RIGEX  will  be  shipped  in  three  separate  containers  to  JSC  and  KSC.  The  shuttle 
emulator  will  be  shipped  in  a  wooden  crate  with  an  inner  dimensions  of  25”  long,  25” 
wide  and  8.5”  high  capable  of  supporting  25  lbs.  The  CAPE  mounting  plate  along  with 
the  lifting  handles,  wiring  cover  plates  and  bolts  connecting  CAPE  mounting  plate  to  the 
experimental  top  plate  of  RIGEX  will  be  shipped  in  a  wooden  crate  with  an  inner 
dimensions  of  25”  long,  25”  wide  and  2”  high  capable  of  supporting  70  lbs.  A  schematic 
of  these  shipping  containers  is  displayed  in  Figure  V-16. 
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Figure  V-16:  Wooden  Crate  Specifications  for  Emulator  and  CAPE  Mounting  Plate 


To  pass  the  Air  Transportation  Association  (ASA)  criteria  and  meet  the  pertinent 
MIL-STD  810  specifications,  the  RIGEX  assembly  will  be  shipped  in  a  third  container. 
This  clam  shell  type  container  is  custom  made  by  Keal  Cases  Inc.  The  exterior  shell  is  a 
tough,  durable,  structural  resin  laminated  to  a  base  material  called  ArmorCell.  The 
ArmorCell  exterior  is  secured  by  a  frame  work  composed  of  6063  aluminum  alloy  [14]. 
The  interior  is  lined  with  foam  to  account  for  load  and  shock  absorption  requirements, 
which  can  be  seen  in  Figure  V-17.  The  case  is  comprised  of  two  upper  panels  and  a 
foundation  with  a  removable  inner  floor  substructure.  The  bottom  of  the  container  also 
has  swivel  casters  to  allow  for  RIGEX  to  be  easily  relocated  without  lifting.  A  layout  of 
the  base  of  the  container  with  this  inner  floor  substructure  is  displayed  in  Figure  V-18. 
The  inner  floor  is  connected  to  the  bottom  of  the  shipping  container  with  four  large  hex 
bolts.  This  inner  floor  will  also  be  secured  to  the  experimental  top  plate  of  RIGEX  while 
it  is  in  its  inverted  position  during  shipment.  This  inner  floor  will  be  coated  with  Kapton 
to  prevent  contamination  to  RIGEX  during  shipment.  Between  the  inner  floor 
substructure  and  the  base  of  the  shipping  container  are  four  large  polyurethane  donuts. 
These  polyurethane  donuts  make  up  the  internal  suspension  system  on  the  container  to 
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provide  additional  protection  to  RIGEX  during  shipment.  All  three  outer  sections  of  the 
case  secure  together  with  standard  recessed  spring-loaded  twist  latches.  These  latches 
are  constructed  of  steel  and  are  placed  at  critical  closure  points.  This  provides  maximum 
torque  upon  closure  to  prevent  accidental  opening  during  shipment  [14]. 
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Figure  V-18:  Schematic  of  Base  of  Keal  Case  with  Inner  Floor  Substructure 


There  is  a  large  gap  between  the  bottom  of  the  shipping  container  and  the  inner 
floor;  this  is  partially  due  to  the  required  clearance  for  the  internal  suspension  system. 
Even  after  accounting  for  this  clearance  there  is  ample  space  to  provide  a  location  for 
additional  components  to  be  shipped.  This  is  where  the  pigtail  cables,  the  lifting  handles 
for  the  experimental  top  plate,  the  fasteners  for  the  lifting  handles,  and  the  additional 
fasteners  for  the  shroud  will  be  located. 

5.3.2  Handling  of  RIGEX 

RIGEX  will  undergo  several  phases  throughout  the  transportation  and  handling  in 
which  it  will  be  configured  differently.  During  shipment  of  RIGEX,  it  will  be  inverted  in 
the  Keal  case  and  the  feet  will  remain  on  the  oven  mounting  plate.  When  RIGEX  arrives 
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at  its  destination,  several  steps  must  be  followed  in  order  to  prepare  it  for  integration  into 
CAPE.  These  steps  are  illustrated  in  Figure  V-19  and  are  explained  in  detail  within  the 
R1GEX  HANDLING  PROCEDURE  (RP-08)  located  in  Appendix  F.  First,  the  upper 
panels  must  be  removed  followed  by  the  shroud.  Then  the  bolts  securing  the  inner  floor 
substructure  are  to  be  removed  as  well.  RIGEX  can  then  be  lifted  with  web  straps 
attached  to  the  feet  on  the  oven  mounting  plate.  In  order  to  flip  RIGEX,  the  inner  floor 
substructure  must  be  removed.  To  do  this,  RIGEX  is  to  be  lowered  onto  a  block  or 
structure  that  will  provide  enough  clearance  to  reach  underneath  and  safely  remove  the 
fasteners  holding  the  inner  floor  substructure  to  the  experimental  top  plate  of  RIGEX. 
Once  this  is  complete  RIGEX  can  then  be  lifted  and  placed  on  an  approved  rubber  mat. 
Using  one  web  strap  attached  to  a  foot  along  with  the  assistance  of  two  AFIT  personnel, 
RIGEX  can  be  gracefully  laid  on  its  side.  At  this  time  the  lifting  handles  can  be  attached 
to  the  experimental  top  plate  of  RIGEX.  Using  the  same  approach  with  one  web  strap 
now  attached  to  the  uppermost  lifting  handle  and  two  AFIT  personnel  assisting,  RIGEX 
can  be  placed  right  side  up.  Once  RIGEX  is  right  side  up  the  lifting  handles  can  be 
removed.  The  pigtail  cables  can  then  be  fitted  through  the  experimental  top  plate 
attached  to  the  PDP.  At  this  point  the  CAPE  mounting  plate  can  be  attached  to  the 
experimental  top  plate  followed  by  the  wiring  cover  plates  and  lifting  handles  for  the 
CAPE  mounting  plate.  In  this  configuration  RIGEX  can  now  be  attached  to  the  lifting 
sling  and  placed  in  its  appropriate  location  for  storage.  If  RIGEX  is  ready  to  be 
integrated  into  CAPE,  it  must  first  be  lifted  and  placed  on  a  block  or  structure  to  provide 
sufficient  clearance  to  safely  remove  the  feet  on  the  oven  mounting  plate.  Once  these 
feet  are  removed,  RIGEX  is  ready  for  placement  in  CAPE. 
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When  RIGEX  has  been  tested  or  returned  from  flight,  it  must  yet  again  go 
through  several  steps  to  be  prepared  for  packing  in  the  Keal  case  so  it  can  be  shipped 
back  to  AFIT.  A  detailed  illustration  of  these  steps  can  be  seen  in  Figure  V-20  and 
further  explained  in  Appendix  F.  If  the  feet  are  not  installed  on  the  oven  mounting  plate, 
this  task  must  be  completed  first.  To  do  this,  RIGEX  needs  to  be  placed  on  a  block  or 
structure  that  will  provide  enough  clearance  to  safely  attach  the  feet  to  the  oven  mounting 
plate.  After  the  feet  are  attached  to  the  oven  mounting  plate  RIGEX  can  be  lifted  and 
placed  on  the  rubber  mat.  Then  the  CAPE  mounting  plate  can  be  removed  along  with 
the  lifting  handles  and  wiring  cover  plates.  Once  the  CAPE  mounting  plate  is  detached 
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from  the  experimental  top  plate,  the  shroud  can  be  separated  and  removed  from  RIGEX. 
Following  this,  the  pigtail  cables  can  be  disconnected  from  the  PDP  and  removed. 
RIGEX  must  be  flipped  back  to  an  inverted  position  in  order  to  be  placed  in  the  shipping 
container.  To  accomplish  this,  the  lifting  handles  must  be  attached  first  to  the 
experimental  top  plate.  Then  using  one  web  strap  attached  to  a  lifting  handle  on  the 
experimental  top  plate  and  with  two  AFIT  personnel  assisting,  RIGEX  can  be  carefully 
laid  on  its  side  just  as  before.  Before  flipping  RIGEX  upside  down,  the  lifting  handles  on 
the  experimental  top  plate  need  to  be  attached.  In  a  similar  fashion  using  a  web  strap 
attached  to  the  uppermost  foot  on  the  oven  mounting  plate,  two  AFIT  personnel  will  lift 
RIGEX  to  an  inverted  position.  Attaching  the  rest  of  the  web  straps  to  the  remaining  feet 
on  the  oven  mounting  plate,  RIGEX  can  then  be  lifted  and  placed  on  a  block  or  structure 
with  the  inner  floor  substructure  of  the  shipping  container  centered  on  top.  This  block  or 
structure  must  provide  sufficient  clearance  to  safely  reach  under  the  inner  floor  and 
reattach  the  fasteners  securing  it  to  the  experimental  top  plate.  Before  returning  RIGEX 
in  the  shipping  container,  the  pigtail  cables,  lifting  handles  for  the  experimental  top  plate, 
and  shroud  fasteners  must  be  placed  in  the  bottom.  Once  the  inner  floor  is  securely 
fastened  and  the  extra  components  are  situated  in  the  base  of  the  shipping  container, 
RIGEX  can  be  lifted  and  set  on  top  of  the  suspension  system  located  inside  the  case.  The 
shroud  can  then  be  slid  back  over  RIGEX  and  secured  with  a  few  fasteners  to  prevent  it 
from  shifting  during  shipment.  After  this  the  upper  panels  of  the  Keal  case  can  be 
returned  and  the  latches  can  be  tightened  down. 
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Figure  V-20:  Packing  of  RIGEX 


5.4  Discussion  and  Future  Summary 

It  is  probable  that  RIGEX  will  successfully  pass  all  of  the  requirements  of  space 
qualification  testing  and  survive  all  the  stages  of  transportation.  In  the  event  of  a  test 
failure  or  damage  in  shipment,  RIGEX  will  be  returned  to  AFIT  for  analysis  of  the  failure 
or  damage.  RIGEX  will  then  either  be  retested,  repaired  or  the  design  will  be  modified 
again.  Passing  all  the  testing  required  for  space  flight  qualification  will  ensure  the 
continued  existence  of  the  RIGEX  program  and  provide  a  reassurance  of  launch. 

The  development  of  RIGEX,  despite  taking  longer  than  expected,  has  provided 
future  AFIT  students  with  many  opportunities  to  gain  knowledge  and  experience  by 
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designing,  building,  testing  and  finalizing  RIGEX  at  AFIT.  With  RIGEX  nearing 
completion,  the  project  still  faces  many  challenges.  It  is  also  important  to  note  that 
through  the  course  of  this  year,  the  RIGEX  team  at  AFIT  has  overcome  numerous  trials 
and  tribulations.  RIGEX  has  laid  the  anchor  for  official  space  qualification  testing  and 
launching  for  AFIT,  which  has  developed  into  a  dexterous  facility,  capable  of  designing, 
constructing  and  testing  future  space  payloads. 
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Appendix  A:  Top  Level  Assembly  Drawing  Package 
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DImEMSIOMSAFE  IM  IMCm ES 

DfA^M 

ZtM 

DGJU  ►©? 

lOlEFAMCES: 

tfACIIOMAl) 

checked 

TITLE: 

AMCUiAFimAChj  HMD  ♦ 
ivoo  hACE  DEC  Ini  A  i  jDDi 

EMC  AWf. 

OVEN  MOUNTING  PLATE 

IhFEE  MACE  DECImAi  dDSX& 

M*C  AW. 

(RIB  MOUNTING  DETAIL; 

NIEmEICEQMEIFC 

OA. 

BOTTOM  VIEW) 

IOi  E  FAMC  NC  *E  ?: 

COMM  E  MIS: 

MAIEF&l 

AL6061-T6 

■ .  AJoalte  <i*r  m  li-C*SS*i 
Class  2. 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-7-D  C 

MEXI  ASSY 

USEDOM 

^HEh 

"teaaea  notes  anaonoalre 
per  m  li-A-Sili  Ivo*  II 

A*HICAIIOM 

DO  MOI  SCAlE  DFA^IMC 

SCALE:  1:5  WEIGHT:  SHEET 4  OF  8 

158 


NOTE: 


NOTE: 


BOTTOM  VIEW 


© 


0 


i - 

•  9  . 

*  • 

* 

0 

« 

41 

n 

e 


LHLK$  OT  HERVM&  E  $  P  EC  IPIEO : 

DImEMSIOMS  A?E  IM  MC**ES 

IOiEVAMCES: 

A MC U  l  A  ? : m AC *♦  IEMD  ♦ 
1*0  MACE  DECKlAl  iDDi 
|h?EE  MACE  DECKlAl  3DIXfc. 

NIEfWI  CEOmEIFC 

lOiEfAMCNCM?: 

mAI  E  ?Ai 

AL6061-T6 

MEXI  ASS Y 

USED  QM 

WIn' 

A*MICAIIOM 

OOMOI  SCAlE  D?A*IMC 

DfA^M 

checked 


mam  e 
ZRM 


COMM  IMIS: 

1 .  Ataalr*  o«rMli-C-SS*i 
Class  3. 

2.  Most  oroos  Iratcorea  ortaol 
"reooea  rotes  o  ro  aroatre 
n*riMli-A.-3^3S  lyp*  II 


NOTE:  EACH  HOLE  DIMENSIONED 
ON  THIS  SHEET  IS: 

.201  DIA.  THRU 

CSINK  .385  DIA.  X  100  DEGREES 
AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 
TITLE: 

OVEN  MOUNTING  PLATE 
(BRACKET  MOUNTING 
DETAIL;  BOTTOM  VIEW) 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-7-D  C 

SCALE:  1:5  WEIGHT:  SHEET 5  OF  8 


UNLESS  OT HER  VMS E  $  R  EC  IFIEC> : 

MAmE 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DKlEMSIOMS  AfE  W  MCn|| 

D?A*M 

ZRM 

0JJUN07 

C«iCtiD 

TITLE: 

AMCUiACmACm*  iemd  ♦ 

EMC  AW. 

— 

OVEN  MOUNTING  PLATE 

IhPEE  MACE  DECImAi  3Dros 

m>ca»t. 

(HANDLE  MOUNTING 

NIEWEICEGmEI?C 

IOlE?AMCNC*EM 

QA. 

COmm  E  MIS: 

DETAIL;  BOTTOM  VIEW) 

MEXI  ASSY 

USEDOM 

MAIEfAl 

AL  6)61  -T6 

tWEh 

i.  Ataalne  par  m  li-C-SS»i 
Closi  3. 

7.  Most  areas  Inoteorea  o  na 
rrreaaea  notes  onaonoal 
per  M  li-A-3£24  lype  II 

- 

SIZE  DWG.  NO.  REV  | 

A  RIGEX-2006-7-D  g 

A^MICAIIOM 

DOMOI  SCAlE  DfA*IMC 

SCALE:  1:5  WEIGHT:  SHEET  6  OF  8 

5  4  3  2  1 
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NOTE:  TOP  VIEW 


NOTES: 

1.  #8-32  HOLE  TAPPED  FOR  HELICOIL  (MS21 209C0820U, 

DEPTH:  1/2",  1 4  PLACES,  EQ.  SPACED  25.71  DEG  APART 

2.  #4-40  UNJ  TAPPED  HOLE,  DEPTH:  1/4", 

14  PLACED  EQ.  SPACED  25.71  DEG  APART 

3.  SAME  AS  NOTE  2 


UNLESS  OTHER  VMS  E  S  P  EC  IFIE0 : 

NAME 

DA  II 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DIMENSIONS  AFE  IN  INCHES 

IOiEFANCES: 

FFACIIONAlj 

A  NC  ll  lA  F :  MAC  hjDDS  IE  N  D  ♦ 
l%4>0  PiACE  DECImAi  rDDi 
InfEE  MACE  DECEmAi  3DIOS 

D  FA^»N 

IKM 

OS  JUNO  7 

checked 

TITLE: 

OVEN  MOUNTING  PLATE 
(SIDE  HOLE  DETAIL) 

ENCA^f. 

MlCAWJ. 

NIEF^FEICEOmEIFC 
lOl  E  FANC  NC  FE  F: 

OA. 

COmm  SHIS: 

1  .  AJoalr*  0«r  Mll-C-SS*l 

Class  3. 

2.  Most  areas  luto>«o  ouol 
rrreooeo  rotes  Qrooroalr* 
p*rMli-A-S42S  lype  II 

““"V«>61-T6 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-7-D  Q 

IISEDOM 

►NE- 

A^llCAIION 

DONOI  SCAlE  DFAWINC 

SCA  LE:  1 :5  WEIGHT:  SHEET  7  OF  8 

NOTE:  TOP  VIEW 


NOTE:  EACH  HOLE  DIMENSIONED 
ON  THIS  SHEET  IS  TAPPED  FOR  UNJ 
8-32  -  DEPTH:  0.48" 


UNLESS  OT HERWB E $ R EC IFIE0 : 

NA.MI 

DAII 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DIMENSIONS  AFE  IN  INChES 

DFA^N 

ZRAA 

02  UNO  7 

IOiEFANCES: 
t  FAC  1  IONA  l] 

ChICCED 

TITLE: 

ANCiIiAFimAChj  (END  ♦ 
|VOQ  FiACE  DECImAi  iDDI 

ENC  AFFF. 

OVEN  MOUNTING  PLATE 

ImFEE  FiACE  DECImAi  3DJX6 

MFCA^F. 

(TRANSFORMER 

Nil  mil  CEOmEIRC 
IOiEFANCNCFEF: 

OA. 

COmmENIS: 

MOUNTING  DETAIL;  TOP  VIEW) 

MAIEFAl 

AL6061-T6 

i  .  AtealTC  par  «m  Ii-C-S&ai 
Class  3. 

SIZE 

A 

DWG.  NO. 

REV 

NEXI  ASSr 

IISEDON 

►NE» 

2.  Most  areas 
rrr«Qa«a  rote 
per  m  li-A*B£2£ 

s  ana  oroalre 
•  lype  II 

A 

RIGEX-2006-7-D 

A 

A»HCAION 

DONOI  SCAlE  DFA-A*  INC 

Class  1. 

SCALE:  1:5  WEIGHT:  SHEET 8  OF  8 
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ALL  HOLES:  .201  DA.  THRU 

0  5  INK  .38-5  DA.  H  100  DEGREE: 


□fcvrvitiPi  aw  »*  i -ors 

I  W.u-t  I  H'h  | 

AIR  FORCE  IHSTnUTE 

rui  n-.hPiirs- 

aTG  Sv  rtbLi 

OF  TECHNOLOGY 

aPGUI  aE-haGM]  irPDx 

ChICEH-  ?Ew  l-JjUPl-J 

rwd  H  AC.rDnC^Al  3uul 

K  H.FFI. 

BOTTOM  RECTANGULAR 

PLATE 

L-hC  >>.FFI. 

L'  H. '  hi  h>.  1 

□  j1.. 

-hi  IL1  l-T| 

GGh-h-rjiri- 

1  Abdt*  D*r  Hi  -G-ii-1 1 

M-xr  assy 

□sra  aw 

h»- 

Gian  J 

i-  Mull  liriiiE  hdlcanta  aru  ul 

Ar'"1ftlGEX-200fr8-D  |T 

apm  icadgm 

Du  UQT  iil.hir  DE'aWI'G 

'twadddd  hdUE  and  anadb* 
n*r  wl  -h-Jiy>  rhTi*  1 

UUB*  OTHERWISE  SPEC  IFIED: 

MAME 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

r,rcr,,wwc"is 

DSAVUM 

UM 

i  <JA  NO  7 

C-ECtED 

TITLE: 

PRESSURETRANSDUCER 
MOUNT  TO  BOTTOM  OF 
OVEN  PLATE  (inside) 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-18-D  A 

^E^ci^cr;,  ssl 

HCA^. 

ieexsest 

IL  EMIS 

MAI'%L6061-T6 

*•«* 

US  EDOM 

^•CAIION 

DO  MO.  SCAN  DRAWING 

SCALE:  1 .5:1  WEIGHT:  SHEET  1  OF  1 

1.000 


irr 


NOTES: 

1.  C  BO  RE  DIAMETER:  0.438" 
CBORE  DEPTH:  0.40" 
CSINK  .385  dia  x  1 00  dag 
0.201"  dia  THRU 
2  PLACES 


UILESS  OTHERWISE  SPECIFIED: 

name 

DAIS 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

^EErAM°CESA',HWC"IS 

D  SASUN 

ZRM 

2  <JA  NO  7 

C»EC«D 

TITLE: 

PRESSURETRANSDUCER 
MOUNT  TO  BOTTOM 

OF  OVEN  PLATE  (outside) 

ZZZZXSSZ,  SSL 

ENCAPH. 

MFC  AW. 

N.ERRPEICEOmEIPC 

OA. 

^'^AL  6061 -T6 

ISSr* 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-19-D  A 

M.*,«Sr 

USEDOM 

'5»aas 

SCA  LE:  1 .5:1  WEIGHT:  SHEET  1  OF  1 

A-H  CANON 

DO  MOI  SCAlE  DRASUINC 

5 


1 
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0.500 


1.500 


NOTES: 

1 .  CBORE  0.27  dia  X  .80  DEPTH,  THRU  HOLE 
.129  dia  2  PLACES 

2.  TAPPED  #10-32  UNJ  HOLES*  DEPTH:  0.54", 
2  PLACES 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 


UUESS  OTHERWISE  SPECIFIED: 


5 


2 


TfTLE: 


SOLENOID  MOUNTING 
BLOCK 


SEE 

A 

DWG.  NO. 

R IG  EX-2006-20-  D 

REV 

D 

SCALE:  1:1  WEIGHT:  SHEET  1  OF  1 

i 
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2.50 


R0.500 


NOTE: 

ALL  HOLES  DIMENSIONED  ON  THIS  SHEET  ARE 
TAPPED  #10-32  UNJ,  DEPTH:  0.5" 


UNLESS  OTHERWISE  SPECIFIED: 

MAmE 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

D  Im  E  NS  C'  NS  ACE  IM  IMC"ES 

IOiEVAMCES: 

PfACIIDMAu 

AHCUiA?:mACn+  MM D  ♦ 
|VOQ  PiACE  DECImAi  iD D* 
|n?EI  *i AC  1  DECImAi  3DICt 

DfA^M 

ZRAA 

1 tJfi,  NO  7 

ChECUD 

TITLE: 

PRESSURE  TRANSDUCER 
MOUNT  TO  RIB  (inside) 

EMC  A**?. 

MtCAWf. 

NIEWEI  CEOmEIPC 

IOiERAHCNCUR: 

OA. 

COMM  EM  IS: 

i .  Alaalne  ger  mIi-C-4&*i 

Class  J. 

7.  Mas  t  oreos  Inalcorea  a  na  ol 

'nreoaea  nates  anaanaalre 
perMli-A-S4SS  Ivae  II 

Class  1. 

“"“AL4M1-T6 

SEE  DWG.  NO.  REtf 

A  RIGEX-2006-21-D  A 

MEXI  ASSV 

USED  ON 

‘WE- 

A’hlCAIIOM 

DOMOI  SCAlE  DfAVOIMD 

SCALE:  1:1  WEIGHT:  SHEET1  OF  1 

5  4  3  2 


(©> 

ST" 


-:©} 


0G75 


0.75 

i 


THRU  HOLE  .1935  dia 
CBORE  .385  dia x. 75  depth 
2  PLACES. 


UNLESS  OTHERWISES  RECIFIED: 

NAmiI 

DAIE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DImEMSIOMSAVE  IM  IMCnES 

0?A*M 

ZRM 

Z  <JA  NO  7 

IOlE?AMCES: 

tfACIIOMAl] 

Ch|CC.ED 

TITLE: 

A  MC  U  lA  ? :  M AC  HMD  ♦ 

1*0  MACE  DECImAi  iDDi’ 

EMCAW. 

PRESSURETRANSDUCER 

InfEE  MACE  DECMlAl  3D£OS 

MtCAPM. 

MOUNT  TO  RIBS  (outside) 

NIEmEICEQMEirC 

OA. 

lOl  E  fAMC  MC  M 

COmm  IMIS- 

m'im,AL6061-T6 

i .  Atoaln*  ri*r  m  Ii-C-SSai 

SEE  DWG.  NO.  REV 

A  RIGEX-2006-22-D  A 

MEXI  ASS* 

USEDOM 

‘WE- 

7.  Most  areas  Inolcorea  ana  al 
mreaaea  nates  onaanaatre 

A^llCAIIOM 

DOMOI  SCAlE  D?A*IMC 

0«r  mIi-A-SAK 

Class  L 

SCALE:  1:1  WEIGHT:  SHEET  1  OF  1 
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UNLESS  OTHER W* E S E ECIFIED> : 

DlMi>CO'£  ATI  N  IMC»ES 
lOHRAMCJS: 

►  TACIIO*iAli 

AMCUiAT:mAC»3  HMD  3 
IWOHACI  DfClMAl  i 
l-«E  HACE  DECWlAl  3 


Item  # 

DRAWING  # 

NOMENCLATURE  OR  QUANTIT 
DECRIPTION  Y 

1 

RIGEX-2006-3-D 

Large  Computer  Rib  1 

2 

RIGEX-2006-4-D 

Large  Rib  1 

3 

RIG  EX-200 6-5-D 

Small  Rib  vJ  P  in  Puller  1 

4 

RIGEX-2006-6-D 

Small  Rib  vJo  Pin  Puller  1 

5 

RIGEX-2006-7-D 

Oven  1.1  ounting  P  late  1 

6 

RIGEX-2006-8-D 

Bottom  Rectangle  Plate  1 

Notes: 

1 .  Assembly  of  the  Wave  #1  Subassembly  is  outlined 
in  RP-1 

2.  Pressure  system  components  shown  in  the  pictures 
to  the  left  are  part  of  the  RIGEX  Inflation  System. 

A  detailed  sketch  of  the  RIGEX  Inflation  System  is 
shown  on  page  2  of  this  document. 


checked 

EMCA^f. 

M*CA**?. 

OA. 


—  AIR  FORCE  INSTITUTE 
otJiHo 7  OF  TECHNOLOGY 

TITLE: 

RIGEX  WAVE  1 
ASSEMBLY 


SIZE  DWG.  NO. 

RIGEX-WAVE1-D 


DO  kOI  SCAlE  DTAW-NC 


A 

SCALE:  1:1 


,  A 

SHEET  1  OF  2 


Item# 

DRAWING# 

NOMENCLATURE  OR  DECRIPTION 

QUANTITY 

1 

N/A 

Pressure  Transducer 

6 

2 

N/A 

N2  PressureTank 

3 

3 

N/A 

1/4"  M  NPT  to  1/4"  tube  ttting 

3 

4 

N/A 

Pipe?  for  gas 

3 

5 

N/A 

Fill  VaJ'je 

3 

6 

N/A 

1/S"  M  NPT  to  1/4"  tube  adaptor 

3 

7 

N/A 

Solenoid 

3 

S 

N/A 

1/S"  NPT  to  1/4"  tube  fitting 

3 

9 

N/A 

PipeT  under  tubes 

3 

10 

N/A 

1/C  FNPT  to  1/4"  tube  adaptor 

3 

11 

N/A 

1/4"  OD  Tubing 

A/R 

12 

Rl  GEX20  06-1 S— D 

Pressure  Transducer  Mount  to  Bottom  of  Oven  Plate  (inside} 

3 

13 

RIGEX2006-19-D 

Pressure  Transducer  Mount  to  Bottom  of  Oven  Plate  (oot  side) 

3 

14 

RIGE  X-200&9-D 

Inflation  System  M  ounting  Plate 

2 

15 

RIGEX200&£0-D 

Solenoid  Mount 

3 

16 

RIGEX20  06^21  -D 

Pressure  Transducer  Mount  to  Ribs  (inside} 

3 

17 

RIGEX2006-22-D 

Pressure  Transducer  Mount  to  Ribs  (outside} 

3 

NOTES: 

1 .  Inflation  System  is  assembled  in  conjunction  with  the  Wave  #1  Subassembly. 

2.  Manufacture  specifies  the  following  installation  techniques:  All  NPT  fittings  should 

b e  w r e n oh- tig ht  a n d  a II  C  o m p r ess io n  f rttin gs  s h o u Id  b e  tig hte ned  1  and  1/4  turn  p ast  fin g e r- tig ht 

3.  Swagelok  Teflon  tape  used  on  all  NPT  fittings 

4.  Staking  compound  used  on  all  fittings  to  prevent  back-  out 

5.  Use  ofViton  between  Nitrogen  Pressure  Tank  and  Inflation  System  Mounting  Plate  illustrated 
on  page  3  of  this  document 


DME  'CC'iE  ARE  H  HChES 
IC'i  E  TA.MCE5: 

AMCUiAT:  m4jCh.,  &EMD3 
IMQ  F-lACE  DECMAl  d 
I  hITE  E  E-iACE  DECMAl  * 


J  Ml  ESS  Q|hE(V>EE  SfECHD: 


□  MO  I  30  □'.i'pNG 


AIR  FORCE  INSTITUTE 


TITLE: 

RIGEX  WAVE  1 

ASSEMBLY 

SEE 

A 

DWG.  HO. 

RIGEX-WAVE1-D 

REV 

A 

SCALE:  1:1  jwEIGHT:  SHEE1 

£  .  O  F  2 
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WAVE 2 

RIGEX-WAVE2-P 

RIGEX-WAVE2-D 

QUANTITY 

PART  OR  IDENTIFICATION  # 

DRAWING  # 

NOMENCLATURE  OR 
DECRIPTION 

MATERIAL 

1 

RIGEX-WAVE1-P 

RIGEX-WAVE1-D 

Wave  1  Subassembly 

N/A 

1 

RIGEX-PDP-P 

RIGEX-PDP-D 

Power  Distribution  Plate 
Subassembly 

N/A 

1 

RIGEX-COMP-P 

RIGEX-COMP-D 

Computer  Subassembly 

N/A 

1 

RIGEX-OVEN-P 

RIGEX-OVEN-D 

Oven  Box  Subassembly 

N/A 

1 

RIGEX-2006-2-P 

RIGEX-2006-2-D 

Experiment  Top  Plate 

Al 

3 

RIGEX-2006-1 0-P 

RIGEX-2006-1 0-D 

Oven  Bracket  Piece  1 

Al 

3 

RIGEX-2006-1 1-P 

RIGEX-2006-1 1-D 

Oven  Bracket  Piece  2 

Al 

3 

RIGEX-2006-1 2-P 

RIGEX-2006-1 2-D 

Oven  Latch 

Al 

3 

## 

N/A 

Oven  Latch  Hinge 

SS 

3 

## 

N/A 

L’Garde  Tube 

CLASSIFIED 

3 

## 

N/A 

Pin  Puller 

N/A 

3 

## 

N/A 

Fuse  Block 

N/A 

3 

## 

N/A 

Solid  State  Relay 

N/A 

3 

## 

N/A 

Fuse  Block 

N/A 

3 

## 

N/A 

Transformer 

N/A 

3 

## 

N/A 

4  Fuse  Block 

N/A 

12 

## 

N/A 

Oven  Controller 

N/A 
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QUANTITY 

PART  OR 
IDENTIFICATION 
# 

DRAWING  # 

NOMENCLATURE 
OR  DECRIPTION 

MATERIA 

L 

PDP 

Subassembly 

1 

## 

N/A 

EMI  Filter 

N/A 

2 

## 

N/A 

Power  Relay 

N/A 

1 

## 

N/A 

8AWG  1 0p  Terminal 
Block 

N/A 

1 

RIGEX-2006-1 7-P 

RIGEX-2006-1 7-D 

Power  Distribution 
Plate 

Al 

2 

## 

N/A 

8AWG  4p  Terminal 
Block 

N/A 

1 

## 

N/A 

4Fuse  Block 

N/A 

1 

## 

N/A 

2  Fuse  Block 

N/A 

1 

## 

N/A 

22AWG  6p  Terminal 
Block 

N/A 

1 

## 

N/A 

YC  Relay 

N/A 

1 

RIGEX-2006-27-P 

RIGEX-2006-27-D 

Leach  Socket  Holder 

AL 

1 

## 

N/A 

Leach  Socket 

N/A 

Computer 

Subassembly 

1 

## 

N/A 

Computer  Container 

Al 

2 

RIGEX-2006-23-P 

RIGEX-2006-23-D 

Computer  Mounting 
Plate 

Al 

1 

## 

N/A 

Computer  Container 
Lid 

Al 

1 

## 

N/A 

Computer  Container 
Bottom 

Al 

Oven  Box 
Subassembly 

3 

RIGEX-OVENBB-P 

RIGEX-OVENBB-D 

Oven  Bottom 

Ultem 

6 

RIGEX-OVENSS-P 

RIGEX-OVENSS-D 

Oven  Small  Side 

Ultem 

6 

RIGEX-OVENLS-P 

RIGEX-OVENLS-D 

Oven  Large  Side 

Ultem 

6 

RIGEX-OVENDD-P 

RIGEX-OVENDD-D 

Oven  Door 

Ultem 
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0;^  _ 5.13 


NOTE: 

DIMESNIONEDHOLESARE 
.201  DIA.  THRU 

CSINK  .385  DIAX  100  DEGREES 
(9  PLACES) 


UHL m  OTHERWISE  SPECIFIED: 

NAME 

DA  II 

AIR  FORCE  INSTITUTE 

OfcwlENSIONS  AH  IN  INCHES 

DPA*N ZRAA 

07JUN07 

OF  TECHNOLOGY 

IOiEPANCES: 

►  PACIIONAla 

checked 

TITLE: 

AMCUiA?:mACmh  (-END  h 
1*0  MACE  D EC  1mA I  2 

EMC  AW. 

Power 

IhVEE  PlACE  DECtaAl  z 

MlCAW. 

Distribution  Plate 

►41 E  P^PE 1  GEQmE  1  PC 

IOiEPA  MCNCHf: 

QA. 

COmm  EM  IS: 

mAIEPAi 

AL6061-T6 

i .  Aioalrtt  per  m  IiC-6&*i 
Class  3. 

SIZE  DWG.  NO.  REV- 

A  RIGEX-2006-17-D  A 

NEXI  ASS Y 

USED  ON 

►NS" 

A^lCAIIOM 

DO  NCI  SCAlE  DPA*INC 

SCALE:  1:3  WEIGHT:  [  SHEET  1  OF 4 

4 

3 

2 

1 

NOTE: 

EACH  DIMENSIONED  HOLE  IS 
TAPPED  TO  SIZE  #4-40 


LHLESS  OTHERVulSE  SPECIFIED: 

MAME 

DA  IE 

AIR  FORCE  INSTITUTE 

DImENSIONSAPE  IN  INCHES 

DPAWM  ZRM 

07  JUNO  7 

OF  TECHNOLOGY 

checked 

TITLE: 

A NC U 1 A  P : MAC hh  (END  5 

ENCAMP. 

Power 

IhPEE  PiACE  DECImAi  Z 

M*G  APPP. 

Distribution  Plate 

►41 E  PPPE  1  CEOmE  1  PC 
lOlE  PA  NCNC  PEP: 

QA. 

COMM  EN  IS: 

MAIEPAl 

AL6061-T6 

« .  AJaalne  n*rMli-C-SS*i 
Class  3. 

SIZE  dw'gTno.  rev 

A  RIGEX- 2006-1 7-D  A 

NEXI  ASS V 

USE  DON 

^►4Eh 

A^llCAIION 

DO  NOI  SCAlE  DPA* INC 

SCA  LE:  1 :3  WEIGHT:  SHEET  2  OF  4 
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NOTE: 

EACH  DIMENSIONED  HOLE 
IS  TAPPED  TO  SIZE  #6-32 


UNLESS  OTHERWISE  SPECIFIED: 

NAME 

DA  IE 

AIR  FORCE  INSTITUTE 

DIm E*4SIO*4S  A?E  1*4  MC**ES 

D?A*»4 

ZRM 

OS  JUNO  T 

OF  TECHNOLOGY 

checked 

TITLE: 

A*4CUiA?:mACh2  BEND  h 

EUCA^f. 

Power 

|m?EE  *iACE  DECImAi  z 

- - - 

NIEmEICEOMEI?C 

OA. 

Distribution  Plate 

IOlE?A*4CNC  *Ef: 

^'""aL  6061 -T6 

COMM  E  *4  IS: 

i .  Aral's*  r»*r  mIi 

SEE  DWG.  NO.  REV 

*41X1  ASSr 

USED  0*4 

Class  3. 

A  RIGEX-2006-17-d|  A 

A»l  ICAIION 

DO  *401  SCAlE  DfA*l*4C 

SCALE  13  IWBGHT:  1  SHEET3  OF  4 

5 

4 

3 

2 

1 

NOTE: 

EACH  DIMENSIONED  HOLE  IS 
TAPPED  TO  SIZE  #8-32 


UNLESS  OTHERXMSESPECIFIED: 

*4AwiE  DAIE 

AIR  FORCE  INSTITUTE 

DImE»4SIQ*4SA?E  1*4  MC**ES 

D?A*»4  2kM  0?  JUNO  7 

OF  TECHNOLOGY 

IOiE?A*4CES: 

>fACNO*4Al3 

ChECCED 

TITLE: 

A  *4C  U  lA  ? :  MAC  "j  BE  *4  D  h 
|VjO  *iACE  DECImAi  2 

EMCA^f. 

Power 

InfEE  MACE  DECIWlAl  Z 

micahb. 

nktribi  i+inn  Plntp 

NIEmEICEOMEIfC 
lOl  E  ?A*4C  NC  *E 

OA. 

L-/  10  1 1  1  k/  U  1  1  1111 VJ  1 

MAIEfAl 

AL6061-T6 

i .  Ataalr*  n*r  Mli*C-SS*i 

SIZE  DWG.  NO.  REV 

^NEh 

Class  2. 

A  RIGEX- 2006-1 7-D  A 

DO  *401  SCAlE  OfA*l*4C 

SCALE:  1:3  |w EIGHT:  1  SHEET 4 .OF  4 

5 


4 


1 
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0.100 


0.500 


tvO* 


0.880 


NEXIA SSr  US  I  DOM 

APHICAIION 

4 


UHL m  OTHER VMS  E  $  P  EC  IFIED : 

DIMENSIONS  A?E  IN  MCn|S 

IOiE?ANCES: 

t'ACIIONAla 

A  NC  U  lA  V :  MAC  HMD  s 
WO  PiAC  E  DECImA  i  2 
|m?EE  FIACE  DECftlAl  i 


D*A*M 

checked 

EMC  A^r 


DA  IE 

oajUNo? 


^ttlMINUM  6061 -T6 


DO  HOI  SCAlE  OfAUMHG 

3 


COMM  EH  IS: 


AIR  FORCE  INSTITUTE 
OF  TECHNOLOGY 

TITLE: 

LEACH  SOCKET 
HOLDER 

SIZE  I  DWG.  NO.  |  REV 

£  RIG  EX-2006-27- D  ^ 

SCALE:  1:1  WEIGHT:  SHEET  1  OF  1 


ITEM 

NO. 

Drawing  # 

DESCRIPTION 

QTY. 

1 

N/A 

EMI  Filter 

1 

2 

N/A 

Power  Relay 

2 

3 

N/A 

8AWG  1  Op 

Term  inal  Block 

1 

4 

RIG  EX-2006-1  7-D 

Power 

Distrobution 

Plate 

1 

5 

N/A 

8AWG  4p 

Term  inal  Block 

2 

6 

N/A 

4  Fuse  Block 

1 

7 

N/A 

2  Fuse  Block 

1 

8 

N/A 

22AWG  6p 

Term  inal  Block 

1 

9 

N/A 

YC  Relay 

1 

10 

RIGEX-2006-27-D 

Leach  Socket 
Holder 

1 

n 

N/A 

Leach  Socket 

1 

UNLESS  OTHERVMSESPECIFIED: 

H/VMI 

DA  IE 

AIRFORCE  INSTITUTE 

DIMENSIONS  A?E  IN  IMChES 

DfA^M 

ZRM 

0*  JUNO  7 

OF  TECHNOLOGY 

IQiEfA  MCES: 

►  ?AC  1  IONA  ij 

CnICCID 

TITLE: 

AMCUiAf :mACh*  HMD  ♦ 
IVOQ  hACE  D  EC  1mA  i  3 

EMC  APPf. 

POWER  DISTRIBUTION 

InVEE  PiACE  DECImAi  2 

M>C  APPf. 

NIEWEI  CEOmEICC 

OA. 

PLATE  SUBASSEMBLY 

IOi  E  ?AMC  NC  PE  ?: 

COMM  EM  IS: 

MAIEfAl 

SIZE  DWG.  NO.  1  REV 

A  RIGEX-PDP-D  A 

MEXI  ASS r 

USEDOM 

APPiCAIIOM 

DONOI  SCAlE  D?AW  INC 

SCALE:  1:3  WEIGHT:  SHEET  1  OF  1 

5 

4 

3 

2 

1 
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10.00 


L_q 

2.00  F 

r  ' 


0.25 


NOTE: 

1. 0.272"  DIA.  THRU 

2.  THR  U:  0.201 "  dia  Csink  .385"  dia  x  1 00 
degrees  (SAME  PLACEMENT 
ON  BOTH  PIECES) 


IX  LESS  OT  HERWIS  E  $  P  EC  IFIED : 

►4  Am  E 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DIMENSIONS  A?E  1*4  INCmES 

DVA*N 

AEG 

2  4  Jul  0  6 

IOiE  VANCES: 
tVACIIONAlj 

Ch|C«D 

ZRM 

02  JUNO  7 

TITLE: 

A  *4G  U 1 A  V :  MAC  *«♦  E-E  *4  D  ♦ 
1^0  PiACE  DECImAi  rDDl 

romm  i+Ar  Moi  mtinn 

l**VEE  MACE  DECMAi  3D IX& 

M>CA^?. 

Plate 

NIEV^VEI  CEOmEI  VC 
IOiEVANCNC^EV: 

OA. 

COmm  E  *4  IS: 

WAIIffcl 

AL  6061-T6 

i .  Atoalw  oerMli-OSSii 

SIZE 

DWG.  NO. 

REV 

*4EXI  ASS* 

US  ED  0*4 

•HE- 

Ctois  3. 

2.  MOi  r.  OT*OS  |r»3tQr*a  0 

n*r  m li-A-B^2S  Ivnc  II 

a- 

A 

RIGEX-2006-23-D 

E 

A»HCAIIO*4 

DO  *401  SCAlE  OVA*  INC 

Ctoa  i. 

SCALE:  1:3  WEIGHT:  SHEET  1  OF  1 

5  4  3  2  1 


ITEM# 

DRAWING  # 

NOMENCLATURE  OR 
DECRIPTION 

QUANTITY 

1 

N/A 

ComputerContainer 

1 

2 

N/A 

Computer  Container  Lid 

1 

3 

N/A 

Computer  Container  Bottom 

1 

4 

RIGEX-2006-23-D 

Computer  Mountine  Rate 

2 

IHLB$  OTHER W#  E  $  P  EC  IFIED : 


D*viE*4SIO*4S  A?E  1*4  MCmES 
IOiEfA*4CES: 

^ACIIO*4Ai3 

A*4GUiA?:mACm2  IE*4D  h 
iwo  hACE  DECImAi  2 
|m?EE  HACE  DECImAi  z 


D?A**4 

checked 

ENCA^f. 

MK3 

QA. 


MAME  DA  IE 
2RM  02  JUNO  7 


AIR  FORCE  INSTITUTE 
OF  TEHCN  OLOGY 


A^IICAIOM 

4 


DO  *401  SCAlE  D?A*I*4C. 

3 


COMPUTER 

SUBASSEMBLY 

size  dwg.tts;  —  mt 

£  RIGEX-COMP-D 

SCALE:  1:1  WEIGHT:  SHEET  1  OF  1 
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Top  View 


6.500 


0.250 


Note: 

1.  Countersink  Hole  for  #10  Flat  Head 
Machine  Screw,  4  Places 


UNLESS  OTHERWISE  SPECIFIED: 

DfclEMSIOMS  AfE  IM  IMC 
lOtECAMCES: 

KACIIOMAla 
A  MC  U  lA  ? :  MAC  “h  EE 
iwo  MACE  DECImAi 
InfEE  HACI  DECMAi 


D?AWk| 

Ch|C«D 
EMC  AW. 
MtC  A»f. 
OA. 

COMM  EM  IS: 


da.e  air  force  institute 

oajuNo;  OF  TECHNOLOGY 


OVEN  BOTTOM 

SEE  DWG.  NO.  REV 

A  RIGEX-OVENBB-D  A 


A»’lCAIOM 


DOMOI  SC  All  DfA«<IMC 


SCALE:  1:2  WEIGHT: 


SHEET  1  OF  2 


Bottom  View 


Note: 


1:  Countersink  Holefor 
Machine  Screw,  12 


#4  Flat  Head 
Places 


UNLESS  OTHERWISE  SPECIFIED: 

DImEMSIOMS  A?E  IM  IMChES 

IOiERAMCES: 

t?ACHONAia 

A  MC  U I A  ? :  MAC  IEMD  2 

iwo  friACI  DECImAi  3 
IhPEE  MACE  DEC  IMA  I  Z 


DfA*M 
ChICUD 
EMC  AW. 
MlCAW. 
OA. 

COMM  EM  IS: 


•<*««  da..  AIRFORCE  INSTITUTE 

zrm  oiJUNo 7  OF  TECHNOLOGY 


A”HCAIIOM 


DOMOI  SCAlE  D?AW|k|C 


OVEN  BOTTOM 

SEE  (DWG.  NO.  I  REV 

A  RIGEX-OVENBB-D  A 

SCALE:  1 :2  WEIGHT:  SHEET 2  OF  2 
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2.125 


UNLE$$  OTHERWBEOPECIFIED: 

DAIE 

AIRFORCE  INSTITUTE 

OF  TECHNOLOGY 

DIMENSIONS  AFE  IN  INCnES 

DFAWN 

ZRM 

0*  JUNO  7 

IOiEFANCES: 

tFACIIONAla 

CHECKED 

TITLE: 

OVEN 

ANCUiAF:mACn5  t-END  S 
IWO  HACI  DECImAi  = 

INC  AW. 

|HfEE  MACE  DECImAi  x 

M»C  AW. 

SMALL  SIDE 

Nl  E  F*FE 1  GEOmE  1  FC 
lOlEFA  NCNC^EF: 

OA. 

MAIEFAl 

Utem 

SEE  DWG.  NO.  REV 

A  RIGEX-OVENSS-D  A 

NEXI  ASSY 

US  ED  ON 

►NE* 

AF’llCAIIDN 

DO  NOI  SCAlE  DRAWING 

SCALE:  1:2  [WEIGHT:  |  SHEET  1  QF  1  | 

4 

3 

2 

1 

2.250 


JD.500 

0.500 

_ 

/ 

r~ 

i 

ET>-L - j 

. - -L^til 

Note: 

1 .  #4-40  Tapped  Hole,  3  Places 

2.  Countersink  Hole  for  #4  Flat  Head 
Machine  Screw,  6  Places 


UNLESS  OTHERVUISESRECIFIED: 

DImENSIONSAFE  IN  INCnES 

IOiEFANCES: 

A NC U  l  A  F : MAC "j  E-END  2 
IWQ  hACE  D EC ImA I  2 

IhFEE  PiACE  DECImAi  x 

►41 E  F*FE  1  CEQmE  1 FC 

lOl  E  FANC  NC  ►E  F: 

MAIEFAl 

Utem 

NEXI  ASSY 

USEDON 

►NEn 

A”l  ICAIION 

DO  NOI  SCAlE  DFAWWC 

DFAWN 

checked 
EMC  AW. 
M^CAWf. 
OA. 


NAME 

ZRM 


DAIE 

03  JUNO  7 


AIRFORCE  INSTITUTE 

OF  TECHNOLOGY 

TITLE: 

OVEN 

LARGESIDE 

SIZE 

A 

DWG.  NO. 

RIGEX-OVENLS-D 

REV 

A 

SCALE:  1:2  WEIGHT:  SHEET  1  OF  1 
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I  ryr - I 


IN  LBS  OTHESWISESPECIFIED: 

MAmE 

DA  IE 

AIR  FORCE  INSTITUTE 

OF  TECHNOLOGY 

DImEMSIOMS  ARE  IM  IMCmES 

IOiERAMCES: 

tRACIIOMAla 

A  MC  U I A  V :  MAC  "j  IEMD  h 
|WQ  MACE  DEC ImAi  - 
IhREE  MACE  DECImAi  i 

drawm 

UM 

02  JUNO  7 

checked 

TITLE: 

OVEN  DOOR 

EMC  ARRR. 

M*C  ARRR. 

NIERMTEI  CEOmEIRC 

OA. 

COMM  EM  IS: 

“"“tUEM 

SIZE  DWG.  NO.  REV 

£  RIGEX-OVENDD-D  ^ 

•4EXI  ASS* 

US  EDOM 

>NE~ 

A^lCAIIOM 

OOMOI  SCAlE  DRAW  IMG 

SCALE:  1:2  WEIGHT:  SHEET  1  OF  1 

ITEM# 

DRAWING  # 

NOMENCLATURE 
OR  DECRIPTION 

QUANTITY 

1 

RIGEX-OVENBB-D 

Oven  Bottom 

1 

2 

RIGEX-OVENSS-D 

OvenLaree  Side 

2 

3 

RIGEX-OVENLS-D 

Oven  Small  Side 

2 

4 

RIGEX-OVENDD-D 

Oven  Door 

2 

ARHICAIIOM 


UHL B$  OT HERWB E  $  P  EC IFIED : 

DImIMSIOMS  AR1  IM  IMCHfS 
IOHRAMCES: 

TRACHOMA  l] 

AMCUiAR:mACh±  K-EMD  ♦ 
|WQ  MAC  I  DICKlAl  :DDl 
ImFEE  RlACI  DECfclAl  3DICt 


DOMOI  SCAlE  DRAWIMC 


ZRWI  03  JUNO  7 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 


OVEN  BOX 
SUBASSEMBLY 


SIZE 

A 

DWG.  NO. 

RIGEX-OVEN-D 

REV 

A 

SCALE:  1:4  WEIGHT:  SHEET  1  OF  1 
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NOTE:  TOP  VIEW 


020.500 


NOTES: 

1.  COUNTERBORE  FOR  #10  SOCKET  HEAD 
CAP  SC  RE  W,  ALL  HO  LES  SPAC  ED  2.25" 

APART  A  PI  APC^ 

2.  COUNTERBORE  FOR  #10  SOCKET  HEAD 
CAP  SC  RE  W,  ALL  HO  LES  SPAC  ED  2.1 25” 
APART,  6  PLACES  APART 

3.  SAME  AS  NOTE  1 

4.  SAME  AS  NOTE  2 

5.  BOLT  CIRCLE  IS  TAPPED  FROM  TOP 

FOR  3/8"  1.5  dia  HELI-COIL  (MS21209F6-15U 


DIMENSIONS  ATE  IN  INCHES 
IOiETANCES: 

►  TACIIQNAij 

ANCUiA?:mACh.  EE N D  ♦ 
|V»0  ClACE  DEC  IMA  l  tODI 
l"TEE  HACE  DECImAI  3ok& 


APflCAION 


UNLESS  OT  HER VWR  E  S  P  EC  IFIED : 


DO  NOI  SCAlE  DVAWIMC 


i.  Alaalae  i;«rMli-C-Si*i 
Class  3. 

7.  Most  areas  laalcarea  ana  ol 
'xeoaeo  nales  anaanaalre 
m  li-A-B£2i  Ivo*  II 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

TITLE: 

EXPERIMENT  TOP 
PLATE  (TOP  VIEW) 

SIZE 

A 

DWG.  HO. 

RIGEX-2006-2-D 

REV 

D 

SCALE:  1:5  WEIGHT:  SHEET  1  OF  5 

NOTE:  TOP  VIEW 


NOTES: 

1 .  ALL  HO  LE  S  DIME  NSIO  NE  D  O  N  THIS  PAG  E 
AR  E  TAPPE  D  HO  LE  a  1  /4"  X  28 


UNLESS  OT  HER  WIS  E  S  P  EC  IFIED : 

NAME 

DAIE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DIMENSIONS  AVI  IN  INChES 

IOiE  VANCES: 

*  VAC  1  IONA  ij 

ANCUiAV.mAChj  E-END  ♦ 
1*0  MACE  DEC M A i  iDJDi 
IhVEE  VlACE  DECKlAl  3DICt 

DVA*N 

ZRM 

OJJUNO  7 

checked 

TITLE: 

EXPERIMENT  TOP 
PLATE  (TOP  VIEW) 
HANDLE  HOLE  DETAIL 

ENCA^V. 

M^A^V. 

NIEV^VEICEOmEIVC 

IOiEVANCNC^EV: 

OA. 

COmmENIS: 

1 .  /-Jcalr*  o«rMli-C-SS*» 

Class  2. 

7.  mosc  areas  Inalcarea  ana  al 
rnreaaeo  nates  anaanaalre 
nsrw  li-vaiSi  lype  II 

Class  1. 

MAI  STM 

AL6061-T6 

SIZE  IDWG.  NO.  1  Rev 

a  RIGEX-2006-2-D  Q 

NEXI  AZZY 

US  ID  ON 

SNE- 

A^llCAIION 

DO  NOI  SCAlE  DVA* INC 

SCALE:  1:5  WEIGHT:  SHEET2  OF  5 
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2.700 


NOTE:  BOTTOM  VIEW 


UNLESS  OT  HER  VMS  E  S  P  EC  IFIED : 

DIMENSIONS  ave  in  inches 

IOiE  VANCES: 

►  VACHONAlj 

A NC ll lA V : m AC «♦  IEND  ♦ 

1^0  RiACE  D  EC  1mA  i  i 

IhVEE  RiACE  DECIWlAl  3 

NIEVRVEI  CEQmEIVC 

IOiEVANCNC  REV: 

MAIIPA.I 

AL6061-T6 

NIX  1  ASS* 

US  ED  ON 

ENE- 

ARRlCAIIDN 

OONOI  SCAlE  DVA^INC 

1.  TAPPED  FO R  3/8"  1.5  diaHEU-C OIL 
(MS21209F6-15L): 

EQUALLY  SPACED  FOR 28  PLACES; 

SEE  NOTE  2  FOR  EXCEPTIONS 

2.  TAPPED  FOR  3/8"  1.5  dia  HELI-COIL 
(MS21209F6-15L): 

THESE  2  PLACES  ARE  SEPARATED  FROM  R9.50" 
BOLT  CIRCLE  TO  AVOID  INTERFERENCE 
WITH  RIB  HOLES 

3.  #6-32  UNJ  TAPPED  HOLES,  DEPTH:  0.25", 

12  PLACES 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 


.  Most  area s  Inalco'ea  owol 
rrreoaea  wles  ououoIk 
ger  m  Ii-A-S£2S  lyoe  II 


EXPERIMENT  TOP 
PLATE  (BOTTOM  VIEW) 
CAMERA  HOLE  DETAIL 

REV 


DWG.  NO. 

RIGEX-2006-2-D 


D 


SCALE:  1:5  WEIGHT:  SHEET 3  OF  5 


NOTE:  TOP  VIEW 


0.3125 


UN  LB*  OT  HEPVW*  E  $  P  EC  IFIEC> : 

MAmE 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DImENSIONSAVE  IN  INCHES 

IOiE  VANCES: 
t  VAC  IIONA 1] 

ANCUiAV:mAChj  (END  ♦ 
1*0  RiACE  DEC ImA i  zDDl 
IhVEE  RlACE  DECImAi  3DI€S 

D  VA*N 

ItM 

0*  JUNO  7 

checked 

TITLE: 

EXPERIMENT  TOP 
PLATE  (SHROUD  HOLE 
DETAIL) 

ENC  ARRV. 

mKSARRV. 

WIEVRVEICEOmEIVC 

IOiEVANCNCREV: 

OA. 

COmmENIS: 

1 .  AJaalrie  (ierMli-C-SS*»i 

Ctois  3. 

2.  MQi  t  oreoi  Iron  area  a  na  ol 
rrreoaea  notes  anaonaalre 
oerwli-A-3i2i  lype  II 

Clo  a  1. 

MAIIFAI 

AL6061-T6 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-2-D  Q 

MtXI  ASS V 

USEDOrJ 

‘NG» 

SCALE:  1:5  WEIGHT:  SHEET 4  OF 5 

ARRl  CAIION 

DO  NOI  SCAlE  DVA*INC 
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NOTE:  BOTTOM  VIEW 


j 

Q  < 

r  ♦ 

L 

L— 4 - * 

}  © 

jj 

• - H- 

- «  l 

i 

| 

j 

i 

i  « - 

i  j 

_ < 

#•  © 

©  » 

J _ 

©\ 

- ©I 


0/ 


NOTE: 

1.  #10-32 TAPPED  HOLE,  DEPTH  0.5" 

2.  #4-40 TAPPED  HOLE,  DEPTH: 0.2", 
12  PLACES 


UNLB$  OT  HERVWS  E  $  P  EC  IFIEO : 

NAME 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DIMENSIONS  AFE  IN  INCmIS 

DFA*N 

ZRM 

0*  JUNO  7 

IQlEFA  NCES: 

►  FAC  1 IO  NA  l] 

A  NC  U I A  F :  M  AC  *«♦  MND  ♦ 
1*0  FiACE  DEC  Jai  iDDi" 

checked 

ENC  AFFF. 

TITLE: 

EXPERIMENTAL  TOP  PLATE 

IhFEE  FiACE  DECImAi  3DCOS 

M  *Q  A  f^F  . 

(BOTTOM  VIEW)  LED  & 

NIEFFFEI  CEOmEIFC 

IOi  E  FA  NC  NC  FEF: 

OA. 

P-CLAMP  DETAIL 

NEXI  ASSr 

USED  ON 

mAIEFAi 

AL6061-T6 

vffE* 

1.  .'.toalrpi  aerMh-C-^Sxi 
Ctoss  J. 

?.  Mast  areas  lute  area  a  na 
rrreaaea  rates  arooroal 
oerMh-A-S&S  lyo«  II 

- 

SIZE  DWG.  NO.  7  REV 

A  RIGEX-2006-2-D  A 

AFFilCAIION 

DO  NOI  SCAlE  DFA*INC 

Clou  1. 

SCALE:  1:5  WEIGHT:  SHEET 5  OF  5 

5 

4 

3 

2 

1 

1.370 

0.700  0.950 


r 

in  n 


NOTE: 

1 :  #1 0-32  TAPE  E  D  HO  LE  S  UN J,  DE  PTH:  0.54",  5  Places 


2:  #6-32  TAPPEED  HOLE  UNJ,  DEPTH:  THRU,  6  PACES 


DIMENSIONS  A F E  IN  INChES 
IOiEFANCES: 

►  FAC  I  IONA  i j 


CQmmENIS: 
i  .  AJoalne  p«r  m  Ii-C^Sai 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 
TFTLE: 

OVEN  BRACKET 
(PIECE  1) 

j  SIZE  I  DWG.  NO.  j  REV  | 

A  RIGEX-2006-10-D  g 

SCALE:  1:2  WEIGHT:  SHEET  1  OF  1 


177 


~l*  n 


u 


r: 


NOTES: 

1.  THRU  HOLE,  0.1 285  in  dia 

CBORE  from  BACK:  0.2188  in  dia,  0.262  in  depth 

2  PLACES 

2.  .201  DIA  THRU 

CSINK  from  FRONT  .385  DIAX  100  DEGREES 

3  PLACES 

3.  #10-32  UN  J  TAPPED  HOLE  a  DEPTH:  0.54" 

2  PLACES 


OfclEMSIONS  ATI  M  MCmES 
lOlEPANCES: 

►  OACNONAlj 

ANCUiAP:mAC»*  HMD  . 

IWO  FiACE  DEClMAl  :ddi 

l»»ll  NACE  DICKlAl  jDIOS 


UNLESS  OTHERWISESPECIFIEO: 


DO  MOI  SC  All  Dl 


NAME 

DA  II 

D?A*M 

AEG 

1  AggO  i 

CHECUD 

ZRM 

OS  JUNO  7 

IMC  AW. 

MtCAWf. 

OA. 

COmm  IMIS: 

1 .  AJaaite  n«rMh-c-ss*i 

Class  3. 

2.  Most  oracii  I'ofcQ'sa  ana  ol 
rrreoaea  nates  onaonaalie 
0«rMll-A-&3S  lyo«  II 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

TITLE: 

OVEN  BRACKET 
(PIECE  2) 

SIZE 

DWG.  NO. 

REV 

A 

RIG  EX-200 6-1 1-D 

B 

SCALE:  1:2  WEIGHT:  SHEET  1  OF  1 

NOTES: 

1 .  C  BO  R  E  0.21 88"  dia,  0.262"  depth 
THRU  HOLE  0.1 285  dia 


THREE  (3)  COPIES  OF  THIS  PART  ARE  REQUIRED 


UNLESS  OTHERWISE  SPECIFIED: 

NAME 

DA  II 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DImIMSIOMS  Afl  IM  IMChIS 

lOllfAMCIS: 

►  fACIIOMAli 

A MC ll lA T : MAC HMD  ♦ 
1*0  MACE  DICMAl  iDDI* 
Im^IE  HACI  DEClMAl  3C'ICt. 

d?a*m 

AEG 

1  Agg  0< 

CnICUD 

ZRM 

00  JUNO  7 

TITLE: 

OVEN  LATCH 

NCA^r 

M»CAW. 

IOiEPANCNC  ►IP: 

OA. 

COMM  IMIS: 

MAI  1  PM 

AL6061-T6 

■ .  Ataa |r*  p«rMh-C-SS*i 

2.  Most  oieos  Iwtorsa  o >n  ol 
rrreaaea  rotes  o  w  o  rioatre 

0«r  m  M-A-&6-2S  lyo«  II 

Cto  si  1. 

SIZE  DWG.  NO.  REV 

A  RIGEX-2006-12-D  g 

MIXI  ASSY 

US  1  DOM 

»NE" 

SCALE:  1:2  WEIGHT:  SHEETl  OF  1 

A"' CANON 

DO  MOI  SC  All  D?A*IMC 
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*em  DRAWING#  ,»M»ICLATlJREOR 

#  DBC  RIFT  ION 

1 

RIGEX-WAVE1-D 

Wave  1  Subesserrb^ 

1 

2 

RIGGX-RDRD 

Row  er  Dis  tibution  Flats 
Subassembly 

1 

3 

RIGEX-COMRD 

Computer  Subassembly 

1 

4 

RIGEX-OVEN-D 

Oven  Boc  Subassembly 

1 

5 

RGEX-2006-2-D 

Experiment  Top  Pfets 

1 

0 

RIGEX-2000-  10-D 

Oven  Bracket  Reoe  1 

3 

7 

RIGEX-2006-  11-D 

Oven  Brack®  Reoe  2 

3 

8 

RIGEX-200S-12-D 

Oven  Latch 

3 

9 

HA 

Oven  Latch  Hinge 

3 

10 

NA 

LGuards  Tubs 

3 

11 

ha 

Rn  Puller 

3 

12 

HA 

2  Fuse  Block 

3 

13 

NrA 

Solid  State  Relay 

3 

14 

HA 

6P  Ter  nrinal  Block 

3 

15 

HA 

Transformer 

3 

16 

HA 

4  Fuse  Block 

3 

17 

HA 

Oren  Controller 

12 

NOTES: 

Flight  Sub-T g  tubes  only  installed  for  flight! 


UNLESS  OTHERWISE  SPECIFIED: 

MAmE 

DAII 

AIR  FORCE  INSTITUTE 

OF  TECHNOLOGY 

DMEMSC-Mi  A«  IM  IMCmES 

lOilfAMCES: 

tfACIIOMAia 

AMCUiAPimACm  t  HMD  ± 
IWQ  MACE  DEC ImAi  d 
|M?|!  MACE  DEC IfiiA I  ♦ 

DfA^M 

ZRM 

04JUN0  7 

checked 

TITLE: 

RIGEX  WAVE  2 
ASSEMBLY 

1 MG  A  ►*?. 

MECAWf. 

HI E  ?*?E 1  C-EOmE  i  rc 
lOllfA  MCNCW: 

OA. 

COMM  E  MIS: 

MMimu 

SEE  DWG.  NO.  REV 

A  RIGEX-WAVE2-D 

MIX  1  ASSV 

USE  DOM 

►NS« 

A^llCAIIOM 

DOMOI  SCAlE  DfA^IMC 

SCA  LE:  1 :1 0  WEIGHT:  SHEET  1  OF  1 
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WAVE 3 

RIGEX-WAVE3-P 

RIGEX-WAVE3-D 

QUANTITY 

PART  OR  IDENTIFICATION  # 

DRAWING  # 

NOMENCLATURE  OR 
DECRIPTION 

MATERIAL 

1 

RIGEX-WAVE2-P 

RIGEX-WAVE-2-D 

Wave  2  Subassembly 

N/A 

1 

RIGEX-2006-1-P 

RIGEX-2006-1 -D 

CAPE  Mounting  Plate 

Al 

6 

RIGEX-2006-25-P 

RIGEX-2006-25-D 

Shroud  Seam  Bracket 

Al 

1 

RIGEX-2006-1 5-P 

RIGEX-2006-1 5-D 

Shroud 

Al 

2 

RIGEX-2006-24-P 

RIGEX-2006-24-D 

Connector  Hole  Cover  Plate 

Al 

24 

RIGEX-2006-26-D 

RIGEX-2006-26-D 

Angled  Washer 

Al 

8 

RIGEX-2006-1 6-P 

RIGEX-2006-1 6-D 

Bumper 

Delrin 
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NOTE:  TOP  VIEW 


□=> 


NOTES: 

1 .  0.272  dia.  thru 

Cbore  .5625  dia  x  .75  depth 

2.  TAPPED  FOR  #10-32  HELI-COIL 
(MS21209F1-20) 

SPACED  EQUALLY  AROUND 
RECTANGULAR  HOLE  (8  PLACES) 


UNLESS  OT  HE6VWS  E  S  P  EC  IFIED : 

DIMENSIONS  ave  in  inches 

IOiE  VANCES: 

►  VACHONAlj 

A NC ll lA V : MAC «♦  IEND  ♦ 

|WO  MACE  DECImAi  i 

IhVEE  MACE  DECImAi  a 

NIEVMEI  CEOmEIVC 

IOiEVANCNC  MV: 

iWklEPM 

AL6061-T6 

NEXI  ASSr 

US  ID  ON 

EWE- 

AP’llCAIION 

DO  NOI  SCAlE  DVA^INC 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 


.  Most  area s  Inalco'ea  ana  al 
rrreoaea  wtes  ana  pair 
0®r  M  ll-A-3^2S  lyijtt  II 


CAPE  MOUNTING  PLATE 
(TOP  VIEW) 

SIZE 

A 


DWG.  NO. 

RIGEX-2006-1-D 


■  WEIGHT: 


REV 

E 
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NOTE:  BOTTOM  VIEW 


CAP  BOLT 


CBORE  DEPTH 0.875"  (OUTER  DIA: 0.625", 
INNER  DIA:  0.397') 


UNLESS  OT  HER  VMS  E  S  P  EC  IFIED : 

MAmI 

DA  II 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DImIMSIOMS  A?l  IM  MCnIS 

IQiEfAMCES: 

t?ACIIOMAli 

A MC U  i  A  ? : MAC «♦  HMD  ♦ 

1*0  »|ACB  D  EC  ImA  i  z 

IhFEE  MACE  OECMAi  3 

DfA*M 

ZRAA 

04JUN0  7 

ChICUD 

TITLE: 

CAPE  MOUNTING  PLATE 
(BOTTOM  VIEW) 

HCAWf. 

M>CA^f. 

NIEOTEI  CIOMlIfC 
lOl  E  VAMC  NC  PEF: 

OA. 

COmm  IMIS: 

i.  Aloolte  per  m  ii-c-ss»i 

Class  3. 

7.  Mas  c  areas  Italcarea  a  ta  ol 
rrr«00«0  0*3  0Ol*lf 

0erMli-A-&£2S  lyo«  II 

Ckta  i. 

mai  e  mi 

AL6061-T6 

SEE  DWG.  NO.  REV 

A  RIGEX-2006-1-D  C 

MIXI  ASS* 

USIDOM 

‘HE- 

A^IICAIIOM 

OOMOI  SC  All  D?A*IMC 

SCALE:  1:6  WEIGHT:  SHEET 3  OF  4 

5  4  3  2  1 


NOTE:  TOP  VIEW 


5 


ALL  HO  LE  S  DIME  NSIONED  O  N  THIS 
SHEET  ARE  #1 0-32  TAPPED  HOLE, 
DEPTH  0.54',  2  PLACES 


UNLESS  OTHER'S E SPECIFIED: 

MAmE 

DA  II 

AIR  FORCE  INSTITUTE 

OF  TECHNOLOGY 

DImIMSIOMS  A?l  IM  NCnES 

IQiEfAMCES: 

tfACIIOMAl) 

A MC U i A ? : mAC *♦  HMD  ♦ 
1*0  PiACI  DICImAi  i 

InfEE  HACI  DECKlAl  3 

DPAWM 

ZtM 

*4.1  UNO  7 

checked 

TOLE  CAPE  MOUNTING 
PLATE  (TOP  VIEW) 
P-CLAMP  DETAIL 

IMCA^f. 

MtCAW. 

HIEFPfEI  CEGMlIfC 

OA. 

COMM  IMIS: 

““'"V»<S1-T6 

i .  AJoalw  ij*rMli-C-SS*i 

Clo a  3. 

7.  Most  areas  Itafcarea  a  ta  al 
rrrcaaea  tales  ata  palw 
per  m  lit4-B42S  lype  ll 

Class  1. 

SEE  DWG.  NO.  REV 

A  RIGEX-2006-1-D  A 

MIXI  ASS* 

US  1  DOM 

‘HE- 

SCA  LE:  1 :5  WEIGHT:  SHEET  4  OF  4 

A^ilCAIIQM 

DOMOI  SC  All  D?A*IMC 

4  3  2  1 
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NOTE: 

ALL  HOLES  DIMENSIONED  ON  THIS  SHEET 
ARE  #8-32  HOLES  TAPPED  FOR  HELICOIL 
(MS21209C0820L) DEPTH:  0.54" 


UNLB2  OTHERWISE  SPECIFIED: 

KAMI 

DA  IE 

AIR  FORCE  INSTITUTE 

OF  TECHNOLOGY 

TITLE: 

SHROUD  SEAM 
BRACKET 

DIMENSIONS  ARE  IN  INCHES 

lOlERANCES: 
t  RAC  HON  Ala 

D  R  A*  N 

checked 

UM 

04JUN0  7 

A MC  U lA R : mAC (END  h 

1*0  MACE  DECMAi  = 

ENCA^R. 

IhREE  MACE  DECImAi  I 

M>C  ARRR. 

NIERRREICEQmEIRC 

IOiERANCNCMR: 

OA. 

mAIERAi 

AL-6061 -T6 

I.  AJaalr*  n«rMll-C-SS*« 

SIZE  DWG.  NO.  REV 

►NBh 

Class  3. 

2.  mosc  areas  kotarea  awal 

A  RIG  EX- 2006-25- D  A 

NEXI  ASS r 

USEDOM 

rrf^QQCa  rotes  arpQGroatre 
0«rMli-A-S^2S  lyp«  II 

M  /v 

ARM  ICAIION 

DO  NOI  SCAlE  DRAWING 

Class  1. 

SCALE:  2:1  WEIGHT:  SHEET  1  OF  1 

4 

3 

2 

1 

3.234 

\  1.419 

• 

&T 

NOTES: 

1 .  THRU  HOLES  .199  dio 

SPAC  ED  5.00"  APART  DO  WN  HEIG  HT  O  F  PLATE  (6  P  AC  ES) 

2.  THRU  HOLES .199  dio 

SPACED  4.60"  APART  ALONG  LENGTH  OF  PATE  (14  PACES) 

3.  THRU  HOLES  .199  dio  (14  PACES) 

4.  THRU  HOLES.1285  dio  (14  PACES) 

PATE  IS  TO  BE  ROLLED  TO  20.5"  DIAMETER 


DETAIL  A 
SCALE  1  : 5 


12E> 


THIS  PATTE  R  N  R  E  PE  ATS  ITSE  LF  AT 
4.634"  INTERVALS  ALONG  LENGTH 
OF  PATE,  1  4  PACES 


UN  LB*  OT  HER  VVrt*  ESP  EC  IFIEO : 

dimensions  are  in  inches 

IQlERANCES: 

ANCUiAR^ACh^  (END  ♦ 
1*0  RiACE  DECImAi  :DDi 

IhREE  RlACE  DECfcMAl  jDIOS 

WIERRREI  CEQmEIRC 

IOiERANCNC  RER: 

MAIERAl 

AL6061-T6 

NEXI  ASS Y 

USEDON 

WBii 

ARM  ICAI  ION 

DO  NOI  SCAlE  DRA* INC 

DRA^N 

checked 


name 

ZRM 


DA  1 1 

02  JUNO  7 


COmm  E  MIS: 

1.  Ataalr*  oerMli-C4&*i 
Ctass  3. 

2.  MOiC  areas  kaicarea  awal 
rr^aoio  rotes  a  r»a  a  'oatr-i 
0«r  m  II-A-&62S  I  vac  II 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

TITLE: 

SHROUD 

SIZE 

DWG.  NO. 

REV 

A 

RIGEX-2006-15-D 

B 

SCA  LE:  1 :1 0  WEIGHT:  SHEET  1  OF  1 
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2.  THRU  HOLES  ARE  .2"  dia.  thru, 

Csink  .385"  dia.  xlOO  degrees  (8  PLACER 


UNLESS  OTHER Vu*  E  S  P  EC  IFIED : 

>IAM! 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DfcwiEHSIOHS  A?E  1*4  MCmIS 

IQlEVAHCES: 

•  FAC  1C*  HA  Ij 

D?A*H 

ZRM 

03  JUNO  7 

C«ct«: 

TITLE: 

CONNECTOR  HOLE 
COVER  PLATE 

AHCUiA^imACh*  mhd  ♦ 

1*0  NAG  1  D  1C  ImA  i  zDJDl 

EMC  AW. 

l"VEE  PiACE  DECImAi  30£OS 

M*C  AW. 

NIEWEICEQmEIVC 

IOi  E  VAHC  NC  W: 

OA. 

COMM  EH  IS: 

MAIEVAl 

i .  Ataalne  per  MlMZ-S&ii 

SEE  |DWG.  NO.  REV 

•41X1  ASS* 

US  ED  OH 

'Ntt" 

Class  3. 

2.  mos c  areas  Iratcarea  aria  al 
rriaaaaa  rates  aroarootre 
per  m  h-A-3£2S  lype  II 

£  RIG  EX-2006-24-D  Q 

AWICAIIOM 

DO  HOI  SCAlE  DVA*IMC 

SCALE:  1:2  WEIGHT:  SHEET1  OF  1 

4 

3 

2 

1 

UNLESS  OT HERVM& E S R EC IFIED : 

MAmI 

DA  II 

AIR  FORCE  INSTITUTE 

D ImEHSIOHS  A  VE  IH  IMCnES 

DVA*H 

ZRM 

04JUN0  7 

OF  TEHCN  OLOGY 

IOiE  VAHCES: 

^  VAC  HO  HA  i3 

AHCUiA?:mACm5  MHD  h 
1*0  NACE  DECImAi  2 

Ch|C«D 

EHC  AW. 

TITLE: 

ANGLED 

WASHER 

IhVEE  HACE  DECImAi  z 

MtCAW. 

NIEWEICEGmEIVC 

IOiEVAHCNG  W: 

OA. 

COMM  EH  IS: 

MAIEVAl 

AL-6061 -T6 

■  .  Atoolr*  OarMll-C-SSAl 
Class  Z. 

SEE  DWG.  NO.  REV 

A  RIG  EX- 2006-26- D  j\ 

HEXI  ASS Y 

USE  DOH 

•hem 

2.  Ma sc  areas  Inalcarea  ana  al 
rrreaaea  rotes  ana  anoafre 
per  m  M-A-B42S  type  II 

Class  1. 

AWICAIlOH 

DO  HOI  SCAlE  D?A*IHG 

SCALE: 2:1  WEIGHT:  |  SHEET  1  OF  1  | 
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CBORE  .225  DIAx. 06"  depth 
2  PLACES 

5.  FILLET  ALL  HORIZONTAL  EDGES:  R0.1" 

14  CO  PIES  OF  THIS  PART  ARE  REQUIRED 

0.249 


UNLESS  0THERWI8E$ PEC IFIEO: 

HAmE 

DA  IE 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 

DtaEHSIOHS  APE  IH  IMCmES 

IOiE  VAHCES: 

ACIIOMA 1] 

AHCUlAf:MAC«i  iehd  ♦ 
|WO  MACE  DECK! A i  zDDi 
IhPEE  MACE  DECfclAl  3DICt 

DfA^H 

AEO 

2«0MY0< 

checked 

ZRM 

04 JUNO  7 

TITLE: 

BUMPER 

EHC  AW. 

M»CAW|. 

NIE?>fEIGEQMEIfC 

lOiEfAHCNOEf: 

QA. 

COMM  EH  IS: 

^'""'delrin 

SIZE  DWG.  NO.  RE V 

A  RIGEX-2006-16-D  C 

HEXI  ASSr 

US  ED  OH 

»►*« 

SCALE:  1:1  WEIGHT:  SHEET1  OF  1 

A^HCAIIOH 

DO  HOI  SCAlE  D?A*IHC 

ITEM# 

DRAWING  # 

NOMENCLATURE  OR 
DECEPTION 

QUANTIT 

Y 

1 

RIGEX-WAVE-2-D 

Wa/e  2  Subassembly 

1 

2 

RIGEX-2006-1-D 

CAPE  Mounting  Plate 

1 

3 

RIGEX-2006-25-D 

Shroud  Seam  Bracket 

6 

4 

RIGEX-2006-1 5-D 

Shroud 

1 

5 

RIGEX-2006-24-D 

Connector  Hole  Cover  Plate 

2 

6 

RIGEX-2006-26-D 

Angled  Washer 

24 

7 

RIGEX-2006-1 6-D 

Bumper 

8 

NOTE 
1 


RIGEX  Handling  Assembly  (RIGEX-HAN2007-P): 
Wave  3  +  lilting  handles,  feet 

RIGEX  Testing  Assembly  (RIGEX-TST2007-P): 
Wave  3  +  GSE 

RIGEX  Shipping  Assembly  (RIGEX-SHIP2007-P): 
Wave  3  without  shroud,  CAPE  mounting  plate 

RIGEX  Flight  Assembly  (RIGEX-FLT2008): 

Wave  3  +  flight  tubes  +  flight  cables 


INLE$$  OTHER WK  E  $  P  ECIFIED : 


DfciE»€OHS  A?E  IH  IHCmES 
IOiE  fAHCES: 

*?AC  I  IOHAi  i 

AHCUiA*:mACn  2  HMD  i 
1^0  HACE  DEC  ImAi  2 
|h«E  MACE  DECImAi  j 


DO  HOI  SCAlE  DPA'A’  ND 


TITLE: 


AIR  FORCE  INSTITUTE 
OF  TECHNOLOGY 


RIGEX  WAVE  3 
ASSEMBLY 


SIZE  DWG.  NO. 

A  RIGEX-WAVE3-D 


REV 

A 


SCALE:  1 :1  WEIGHT: 
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NAME 

PART  NUMBER 

CONFIGURATION  DESCRIPTION 

Wave  1  Subassembly 

RIGEX-WAVE1-P 

Wave  1  Assembly  Complete,  main  structure  intact 

Wave  2  Subassembly 

RIGEX-WAVE2-P 

Wave  2  Assembly  Complete,  main  structure  and 
various  subassemblies 

Wave  3  Subassembly 

RIGEX-WAVE3-P 

Wave  3  Assembly  Complete 

RIGEX  Handling 
Assembly 

RIGEX-HAN2007-P 

Wave  3  +  lifting  handles,  feet 

RIGEX  Testing 
Assembly 

RIGEX-TST2007-P 

Wave  3  +  GSE 

RIGEX  Shipping 
Assembly 

RIGEX-SHIP2007-P 

Wave  3  without  shroud,  CAPE  mounting  plate 

RIGEX  Flight 
Assembly 

RIGEX-FLT2008 

Wave  3  +  flight  tubes  +  flight  cables 

186 


Appendix  B:  Code  for  Eye-C  Cameras 
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//include  <dos.h> 

//include  <string.h> 
include  <stdio.h> 

# include  <stdlib.h> 

//include  "ae,h" 

//include  "filcio.h1' 

//include  "filegeo.h" 

//include  Mmml6.h,f 
//include  "serLh1' 

//include  "fn  h"  H  use  RTC 
//include  "eyec.ir 

//  320x240H  54  f256x4-77,878  bytes- 152+1  sectors 

//define  NUM_SECTORS  1 53 

extern  unsigned  int  EYEQ16A[]; 

extern  unsigned  char  ovt  init  Qb\v|  |; 

unsigned  int  n  clusters; 

struct  fsdeserip*  log  filc; 

unsigned  long  endsector; 

unsigned  long  current  sector; 

unsigned  long  s  per  c; 

unsigned  long  e_size; 

unsigned  long  max  c; 

unsigned  int  max  files; 

int  1  Judex  =  0; 

struct  fsdescrip*  filesys  init(void); 
void  err^void); 

struct  fsdescrip*  I  retval  -  NULL; 

char  filename [11];  //  img5 1  l.bmp 

char  real  Time  [  1 4],  tmp[  1 0]; 

bit  hour,  minute,  second,  month,  dale,  year; 

unsigned  char  slat; 

struct  fif  geo  *1  geo; 
unsigned  char  retval; 
unsigned  int  i  j,k,r; 
unsigned  char  sta,  tn,  n7  lcdd7  dat; 
unsigned  char  ad  at  [24  J; 

void  mam(void) 

{ 

acinitQ; 
elkaenf  I); 

outport(0xHY2,  0);  //  AUXCON,  MCS,  Bus  16-bit 
pio  inil(3, 0); 

//  outport(0xfTaO,0x80bc);  //  UMCS,  512K  ROM,  0  wait  states,  disable  AD  15-0 
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outport(0xffa2,0x7fbQ);  //  5 12K  RAM,  0  wait  states 
out  poi1(  Ox  ffa4, 0x0074);  //  PACS,  base  0,  0  wait 

ledd-O;  led(O);  stat=OxfF; 

//  for(i=0;  i<l  28;  i++){ 

//  dal=eyec  ovl  rd(i); 

//  ) 

for(i=0;  i<0x80;  i++){ 

eyec  ovl  wr(i,  ovt  mil  Qbw|i|);  //  320x240.  QVGA,  YUV,  BW 

> 

for(i=0;  i<2; i-n-){  //  Warm  up  camera 
led(l); 

slat  imgstateQ;  //  w  arm  up  camera,  at  least  1  second  after  power  on 
if(stat — 0)  st  at -0x0 1 ; 
else  stat-0; 

eycc_acq_img(stat);  //  FST  high,  starting  acquire  one  frame  image  data 

delay_ms(900); 

led(0); 

} 

if  ( f$_initPCF]a$h()  !=0) 
err(); 

1  geo-fs  GetGeomelryQ; 

s_per_c=ljgeo->  g_S colors PerCI ustcr;  If  Number  of  sectors  in  each  duster, 
max_c=i_geo->  gMaxClusters;  If  't  otal  available  clusters  for  data 

n  dusters  (unsigned  int)(NUM  SECTORS /s_  per  _c)+l;  If  image  data 
size. hardware  related  E 

max_files=(un  signed  int)(max_c/n_clusters);  //max.  numbers  of  files 
if(max_files  >511)  maxfi  lcs-51 1;  FAT1 6  limit 
while(l  index  <  max  Hies) 

f 

led(l);  II  20  MHz  PCLK,  640x480x2=614,400  PCLKs  for  30  ms 

stat-  img  state();  If  warm  up  camera,  at  least  1  second  after  power  on 
if(stai==0)  $tat=0x01; 
else  slat~0; 

eyec_accj_img(stat):  If  acquire  one  frame  image  data 
logfile  =  filesys_init(); 

if  ((log  file  ==  NULL)  ||  (log_file->ff  status  !=  ft)K))  err(); 
current  scctor  =  fs_XlatcToSectoi‘(log_file->tT_current);  II  Sector  address 
end  sector  -  current  sectorfNUM  SECTORS ; 
fsfcl  os  e(  logfd  e); 

lf(  write  sectors  (current  sector,  1)  )  //  prepare  to  write  256  words 

f 

whilc(  \  dalarequcstQ ); 
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whi1e(  busyQ  ); 

for(isO;  i<27;  i++){  //  27  words  only 
data  writef BY EQ 1 6 A [ i  ] );  //  320x240  8-bit  BMP 
} 

for(i=0;  i<l  14; !++){  // 1 1 4x2  words  of  8-bit  Grey  Level  LUT  (256x2  w  ords) 
k=i+(i«8); 

data  wrile(k); 
datawrite(i); 

> 

data  write(0x7272);  //  make  it  27+114x2+1-256  words  in  CF,  LUT  0x72=1 1 4 
while (  busy () ); 
sta^slatusQ;  //  DRQ 
> 

current_sector+ +; 

if(  write  seetors  (current  sector,  1)  )  //  prepare  to  write  256  words 

{ 

while(  1  data_request() ); 
while ( busy() ); 

data  writc(0xQQ72);  (f  complete  LUT  114 

Fon(i=  1 1 5:i<242;i++){  //  242-1 15-127  words  of  8- bit  Grey  Level  LUT(256x2  words) 

k=i+(i«8X 

data  write(k); 
data  wrile(i); 

> 

data_write(0xf2f2);  //  LUT  0xf2=  242 

} 

current_sector+ +; 
while  (  busyQ ); 

delay  ms(80O); 
if(img  slateQ  E=stat)f 
led(0); 

delay  ms(200); 
led(l); 

delay  nis(200); 
stat-imgstateQ; 

}//  wait  one  frame  image  acquisition  done 

led(0); 

eyecenfifoQ; 

tf(  write_seetors(current_scctor,  1 )  )  //  prepare  to  w  rite  256  words 

{ 

while(  1  data  request()  ); 
while  (  busyQ  ); 

data_write(0x0012);  //  complete  LUT  242 
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for(i=243  ;i<256;i++){  //  256-243=13  words  of  X-bit  Grey  Level  LUT(256x2  words) 
k=i+(i«8); 
data  write(k); 
datawritc(i); 

> 

for(i-0-i<229;i++){  //  256-26-1  -229  words 

//  Each  word  holding  2  pixels  of  8-bil  Y  lor  229  limes,  458  pixels  written 
adat  [0]=inportb(  RDF);  //  Y 

adal[l]=inporlb(RDF);  //  U 
adat  [2)= inportb(RDF) ;  //  Y 

adat  [3 1  ^inp  ortb(RDF);  //  V 
i  ~  adat[0]4 (adal[2]«$);  //  Two  pixel  word 
datawritc(r);  ff 
//  stasstatus();  //  DRQ 

}  //  end  of  for(i-0;i<229;i++){ 

//  sta=status();  //  DRQ 

i 

currentsector-f- +; 
whilef  busyQ ); 

//  320x240-458=76,342  pixels  left,  needs  38,171  words,  149  seelons 
//  prepare  CF  1 -sector- write,  256x149  words, 

//  each  pixel  needs  8-bil  Y  byte,  2  pixels  in  one  word 

for(j=0J<149;j++K 

if(  write_seetors( current  sector,  1)  )  ff  prepare  to  write  256  words 

{ 

ff  whilc{  1  datarcqucstQ  ); 

//  whilef  busy()  ); 

for(i=0;  i<256;  i++){ 
adat[0]_inportb(RDF);  //  Y 
inporib(RDF);  //  U 
adat[2]=inportb(RDF);  //  Y 
inportb(ROF);  ff  V 

r  =  adat[0]+(adat[ 2]«$);  //  Two  pixel  word 
data_write(r);  // 

}  //  end  of  if(i-0;  i<256 

}  ff  end  of  iff  writescctorsfcurrentsector,  1 )  ) 
c  urre  nt _s  e  ctor+ + ; 
while(  busy()  ); 

//  sta-status();  ff  DRQ 
}  //  end  of  if(j=0;  j<149 
}  ff  end  of  whi1e(  1  index  <  maxfilcs) 

sla=status();  //  DRQ 
J  ff  end  main 
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struct  fs  descrip *  filesys  init(void) 

{ 

while  (I  index  <  maxflles) 

i 

sprintf( filename,  "img%d.bmp",  l_index++); 
il  ((1  relval  =  fs  fupen(illename,  O  WRONLY))  !=  NULL) 

{ 

if  (l_retval->ff_slatus  =fOK) 
break; 

fs  fclose(l  retval); 

1  retval  -  NULL; 

> 

} 

if  (l  retval  ==  NULL) 
return  NULL; 

//  w  kday,year  1 0,year  1  ,mon  1  Ojnon  Lday  1 0Tday  Lhourl 0,hourltmin  1 0Tmln  1  ,sec  1 0Tsec  1 
//  unsigned  char  lime  now f  13] — {3,0s5s0,6,2f2sl ,6 ,1, 8.0,0} ; 

//  riel  init(time  now);  //  Only  need  lo  run  onee  for  setting  up  RTC 

riel  rds(realTime); 
imp  1 0]=realTime  1 1 1. 
lmp[  1  ]  =realTime[2] ; 
tmp[2]=0; 

year-  ato  i(tmp  )+2Q0 0; 

tmp[0]=realTime[3]; 
tmp[  1  ]  -real  Time  [4] ; 
tmp[2]=0; 
month=atoi(tmp); 

Imp  [  0]  TealT  ime  [  5  ] ; 
lmp[  1 1  =realTime[6] ; 
tmp[2]=0; 
date -ato  i(tmp); 
tmp[0)  =realTime[7); 
lmp|  l]=realTime[8]; 
tmp[2]=0; 
hour-atoi(tmp); 
tmp[0j  =realTime[9] ; 
tmp  [  1  ]  -real  T  ime  [10]; 
tmp[2]=0; 
m  imite-atoi  (tmp  ); 
tmp  [0]  -real  T  ime  [11]; 
tmp  [  1  ]  “realT  ime  [12]; 
tmp[2]=0; 
seeond=aloi  (tmp); 
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fs  StampTimeHM $ MD Y (Ijret  val,  TDMODIFIED*  hour,  minute,  second,  month,  date, 
year); 

fs_St ampTimef I M SM DY(1  ret  val,  TDMODIFIED,  10,  23,  59,  6,  23,  2005); 
fscal  1  o  cate  ( I  rctval,  n_c  lusters  ); 
if  (Iretval  ->fF_statiis  !=  fOK) 

i 

fs_fc  lose(  lret  val ) ; 

Irctval  =  NULL; 

} 

relum  l  retval; 

} 

void  err(void){ 

//  fs  fclose(1og  file);  //  We  have  an  open  file  with  reserved  sector  addresses; 
while{i){ 

lcd(l); 

delayms(SOO); 

led(O); 

delay  ms(800); 

} 

t 
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Appendix  C:  RIGEX  TVAC  Component  Testing  Procedure 
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Change  Log 

Rev.  Ltr. 
Change 

Justification  and 
Description  of  Change 

Affected 

Pages 

Effectivity 
(Serial  #) 

Release  Date 

Change 
Approval 
(initial  &  Date) 

IR 

Initial  Release 

Atl 

All 

9M  AY 2007 

N/A 

ER 

Include  space  to  record  time, 

14-20 

6.2 

1 7MAY20Q7 

temp  and  vacuum  level 

IR 

Segment  3  and  4  switched 

16 

62g 

17MAY2007 

ER 

Match  temperature  ranges 

15*16 

6.2F-6.2G 

17MAY2007 

ER 

Temperature  ranges  inserted 

16-21 

6,2K  — 6  2X 

17MAY2007 

for  reference 

ER 

Modify  backfill  procedure  to 
include 

21 

7.2D 

17MAY2QQ7 

ER 

Inserted  Note:  Ensure 

Gaseous  Nitrogen  is  hooked 

14 

6.2D 

1 7MAY20Q7 

up  and  pressurized 

ER 

Inserted  Note:  Ensure  Liquid 
Nitrogen  is  hooked  up  and 

17 

6.2H 

1 7MAY2007 

pressurized 

ER 

Add  shading  to  non -action 

All 

All 

1 8MAY2G07 

sequences 

ER 

Inserted  Note: 

18-21 

6.2K-5.2X 

1BMAY2007 

ER 

Inserted  Step: 

18-21 

6.2L-6.2CC 

1 8MAY2G07 
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Seq# 

Instructions 

Date 

Tech 

Insp 

1.0 

Scope 

This  purpose  of  this  procedure  is  to  dictate 
step  by  step  how  components  of  RIGEX  are 
to  be  tested  prior  to  flight  in  the  Space 
Simulator  Vacuum  System  designed  by 
PHPK  Technologies  for  AFIT/ENY 

The  primary  intent  is  to  know  that  the 
components  will  endure  the  extreme 
environmental  elements  expected  to  be 
exposed  to  during  flight. 

The  components  must  withstand  the 
specified  survival  temperatures  (positive 
and  negative)  under  a  vacuum.  The 
components  must  also  function  while  at  the 
specified  operational  temperatures  (positive 
and  negative)  under  a  vacuum 

2.0 

Materials  and  Components 

2.1 

Components  being  Tested: 

*  Oven  Solid  State  Relay  (SSR) 

*  Camera 

*  LED’s 

*  Computer 

*  Oven 

*  Oven  controllers 

2.2 

Equipment  Needed 
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2. 2  A 

Space  Simulator  Vacuum  System 

*  Vacuum  Chamber 

*  Thermal  Control  Unit  (TCU) 

*  Roughing  pump  (VP03) 

*  T urbomo  le  c  ula  r  Pu  mp  (TF01 ) 

*  Circulating  Pump 

*  Vacuum  Valves 

*  Flow  Meter 

*  N?  Gas  System 

2.3A 

Component  Monitoring  System 

*  Aluminum  Plank 

*  Copper  mesh 

*  Wiring  for: 
i .  Power 

3.  Command 

3  RTDss 

4  Thermocouples 

*  Thermocouples 

*  Data  Acquisition  Computer  Interface 

*  La  pto  p  set  u  p  wit  h  Lab  view 

*  Emulator 

3.0 

Controls  and  Instrumentation 

3.1 

Operator  Interface  Enclosure  (Fig.  16) 

Controls  all  remote  operated  devices 

3.1A 

Chamber  Controls  Assembly 

Includes: 

*  Operator  interface  graphic  with  labeled 
switches 

*  PLC 

*  Interface  relays  for  safety  interlocks 

*  24VDC  power  supply 

3. IB 

The  Leybold  turbomolecular  pump  controller 

*  Electronically  connected  to  the  Chamber 
Controls  Assembly 

*  R  emote  sta  rUs  top  fu  notion  ca  pa  We 

3.1  C 

The  230/1 20  volt  transformer  for  powering 
the  120  volt  devices 

3. ID 

The  main  power  supply  and  disconnect  to 
all  systems 
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3.  IE 

The  SCR  module  that  control  the  heat 

3.2 

Interlocks,  Alarms,  Shutdowns 

3.2A 

Turbo  Pump  (TP01)  On: 

*  FVQ2  Open 

*  FVOS  Closed 

*  FV10  Closed 

*  SV09  Closed  (turbopump  controller) 

*  VP03  On 

3.2B 

Roughing  Pump  (VP03)  On: 

*  Mo  Interlocks 

3,2G 

FV06  Open: 

*  FV02  Closed 

*  FV10  Closed 

*  VP03  On 

3. 2D 

FV02  Open: 

*  FV06  Closed 

*  FV10  Closed 

3.2E 

FV1 0  Open: 

*  FV06  Closed 

*  FVG2  Closed 

3,2F 

Heating/Cooling  Cycle: 

*  FE105  >  12GPM 

*  Liquid  Pump  On 

3.2G 

TE1 5,  TE100,  TE110: 

*  Temp ;» 130°C 

*  Fleeter  Shutdown  +  Alarm 

3.2H 

FE105: 

*  Flow  <  12GPM 

*  UN 2  &  Heater  Shutdown 

*  Alarm 

3.3 

Operator  Interface  Graphic  Screen 
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3.3A 

HMI  Vacuum  Enclosure  Overview  Screen 
(Fig.  5) 

*  G  ra  phica  1 1  y  shown  in  its  P&  1  D  lag  ram : 

I.  Heater 

II.  Cooler  Exchanger 

III.  Flow  Control  Valves 

*  R  ea  1 1  i  me  data  is  shown  for : 

1.  Temperature 

If  Flow 

III.  Valve  output  values 

*  Alarms  shown  in  alarm  banner  the  Alarm 

T riangle  flashes  red  (to  bring  up  alarm 
summary  dick  on  red  triangle) 

*  Pushbuttons  on  bottom  of  screen  allow 
operator  to  navigate  to  other  screens 

3.3B 

HMI  Fluorinert  Temperature  Controller 

Screen  (Fig.  6) 

*  Vacuum  enclosure  has  two  controllers: 

I.  Loop  0  for  the  SCR  Heater 

II.  Loop  1  for  the  Cooling  Exchanger  Valve 

*  Control  ler  s  set  poi  nt  deter  mi  ned  by  the 
Segment  Temperature  Setup  Screen 

*  Data  entry  window  under  controller  for  tuning 
parameter: 

I.  Proportional  (P) 

[1.  Integral  (1) 

III.  Derivative  (D) 
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3.3C 

HMI  Segment  Temperature  Setup  and 

Trend  Screen  (Fig.  7) 

*  For  cycling  temperatures  in  the  chamber  [ten 
segments  available)  for: 

I.  Ramp  rate 

II.  Dwell  tempoFalure 

I II.  Dwel  1  lime  ( z  ero=  seg  menl  sk  ipped  we  r) 

*  To  repeat  cycle  press  ON  underneath 

REPEAT 

*  To  start  cycle  press  START  underneath 
CYCLE 

*  Heating/cooling  in  each  segment  is 
controlled  by  PLC  by  comparing  current 
chamber  temperature  and  set  dwell 
temperature 

*  The  temperature  is  ramped  up  at  the  set 
ramp  rate 

*  Once  the  set  dwell  temperature  is  reached 
there  is  a  default  soak  time  of  60  seconds 
before  the  dwell  time  is  activated 

*  Elapsed  time  of  each  segment  displayed  on 
lower  right  of  screen 

*  Real-time  trend  screen  under  segment  entry 
showing  segment  step  number  and 
temperature  values  for: 

E.  TEHO  Flirorinert  to  Chamber  Temperature 

II.  TE15  Platen  Temperature 

I II.  TEl 6  Cyfin der  Sh roud  T emperatu re 

IV.  TEl 7  Er  d  Shroud  T eim  peratu  re 

*  Real-time  trend  screen  advances  in  10 
second  increments 

*  To  pause  screen  press  RESUMED  (Data  will 
not  be  lost) 

*  To  resume  real-time  displayed  data  press 
PAUSED 

*  Scaling  values  changed  by  Y  axis  zoom 
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3, 3D 

HMI  Vacuum  Chamber  Overview  Screen 
(Fig.  8) 

*  G  ra  phica  lly  efts  plays  vacuum  c  ha  mber  and  PI 
diagram 

*  Tem  perature  a  nd  press  u  re  shown  i  n  rea  1- 
time 

*  Pumps  and  valves  controlled  from  this 
screen: 

I.  Roughing  Pump  (VP03) 

II.  Turbapump{TP01) 

III.  Valve  FV02 

IV.  Valve  FV06 

V.  Valve  FV1Q 

*  Prior  to  starting  T urbo  Pump  insure  the 
correct  valves  are  open  or  closed  for  proper 
operation  frefer  to  FV  valve  interlock  matrix) 

3.3E 

HMI  Chamber  Controller  Screen  (Fig.  9) 

*  Three  controllers: 

i.  Loop  2  -  Cylinder  Flow 

ii.  Loop  3  -  End  Shroud  Flow 

in.  Loop  4  -  Platen  Flow 

*  Control  ler' s  ba !  a  nee  te  m  pe  ra  t  u  re  i  n 
specified  areas  and  control  the 

TE1 10  Fluorinert  Supply 

Temperature 

*  Data  entry  window  under  controller  for  tuning 
parameter: 

I.  Proportional  (P) 

II.  Integral  (1) 

III.  Denyative  (0) 

*  Change  operation  mode  by  pressing 
AUTO/MANUAL  pushbutton 

3.3F 

HMI  Temperature  Historical  Screen  (Fig.  10) 

*  H  isto  rica  1  ly  trended  a  ga  i  nst  ti  me 

I.  Vacuum  Chamber  temperatures 

II.  Step  numbers 

*  To  locate  timeframe  for  data  to  be  reviewed 
use  SCROLL  BACKWARD/FORWARD 
pushbuttons 

*  Daily  files  generated  For  future  review 

I.  Stored  on  hard  drive 

II.  Appear  on  desktop  in 
\WFAFB\DLGLOG\RSVIEW  fdder 

I I I.  File  format  -  YYYM  M  DDOOO  0  ( MS  Excel ) 

IV.  Current  day  file  constancy  updated  by  RSView 
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3.3G 

HMI  Alarm  Summary  Screen  (Fig. 11} 

*  Summaries  of  alarms  generated  by  PLC 

*  Active  unacknowledged  alarms  flash 

*  Act  i  ve  ac  knowledg  ed  a  la  nn  s  stop  flashing 

*  To  acknowledge  alarms  press 
ACKNOWLEDGE  ALL 

*  To  remove  alarms  from  alarm  summary  list 
press  RESET 

3.3H 

HMI  Login  Screen  (Fig.  12) 

*  Security  feature  not  activated  for  WPAFB 

1.  Superv isor  -  password  requi red  for 
login 

*  To  login  press  LOGIN  to  bring  up  login 
screen  Press  LOGIN  KEYBOARD  and  then 
enter  ID  and  password  on  pup-up  keyboard. 
(Supervisor  should  close  keyboard) 

*  To  stop  RSView  press  PRQJ  SHOW  to  bring 
up  project  screen  Press  STOP  PROJECT 
then  press  X  to  close  screen. 

4.0 

System  Operations 

4.1 

Chamber  Operations  (Fig.  13  &  14): 

Chamber  equipped  for  operating 
independently  in  any  of  the  three  modes 
as  follows. 

4.1A 

Mode  One  ( High  Vacuum  mode  without 
heating  or  cooling,} 

Mode  requires  the  operation  of: 

*  Roughing  pump  (VP03) 

*  Tyrtjopump  (TPpt) 

The  vacuum  roughing  pump  (VP03)  must  be  running 
and  the  turbo  pump  roughing  valve  (FV06)  must  be 
opened.  Additionally,  the  chamber  must  be  roughed 
down  to  approximately  5x1 0"2  Terr.  At  this  point  the 
turbo  pump  can  be  switched  "Oh"  from  the  touch 
screen  operator  interface  panel 
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4. IB 

Mode  Two  ( Heating  and  cooling  mode  with 
medium  vacuum.) 

Mode  requires  the  operation  of: 

*  Roughing  pump  (VP03) 

*  Thermal  Control  Unit  (TCU) 

The  roughing  pump  can  be  started  at  any  time. 
Once  a  medium  or  "rough11  vacuum  is  achieved 
[approximately  5x10*  Torr)  the  TCU  heating  and 
coolinp  mode  can  be  initiated. 

4  1C 

Mode  Three  ( Heating  and  cooling  mode  with 
high  vacuum.) 

Mode  requires  the  operation  of 

*  Roughing  pump  (VP03) 

*  Turtoopump  (TP01) 

*  Thermal  Control  Unit  (TCUi 

Follow  the  combination  of  mode  one  and  mode  two 
above. 
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4.2 

SJGEX  T’V  A.C 

Thermal  Control  Unit  (TCU)  Operation 
(Fig.  16): 

*  All  operations  controlled  from 
operator  graphic  touch  screen 

*  Three  significant  manual  valves  that 
must  be  opened  prior  to  starting  the 
liquid  pump. 

I.  HV-103 

II.  HV-105 

ill.  HV-110 

*  Verify  heat  transfer  fluid  pressurized 
to  30  -  35  psig 

*  Heat  transfer  fluid  split  into  three 
zones  in  the  chamber: 

i  Cylinder  shroud 

ii.  End  shrouds 

in.  The  platen 

*  Return  flow  control  valves 
automatically  throttled  by  PLC  to 
maintain  constant  temperature  of 
three  zones 

I.  FCV-100 

II.  F  C  VI 02 

III.  FCV-1 03  (the  platen  return  -  full  open 
at  all  times) 

*  Prior  to  hot/cold  thermal  cycling 
vacuum  chamber  must  be  pumped 
down  to  approximately  5x10'2torr 

*  Liq  ui  d  n  it  ro  g  e  n  i  nt  rod  uced  i  nio 
system  through  FCV-109  is 
controlled  automatically  by  OLC 
based  on  heat  transfer  fluid  supply 
temperature  to  the  chamber 

*  Liquid  nitrogen  should  be  supplied  at 
a  max  pressure  of  40  psig  (Fig.  20) 

*  Nitrogen  gas  vented  through  1 .5  inch 
NPT  fitting  on  top  of  the  TCU 

L  Piped  outside  of  building 

O  Line  constructed  of  stainless  steel  or  copper 

O  Fitted  wilh  lew  pressure  toss  check  valve 
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5.0 

Test  Setup 

5.1 

Test  Setup  for  Components 

5  1A 

The  test  setup  steps  may  be  performed  out 
of  order  All  Setup  steps  are  to  be 
completed  prior  to  beginning  functional  tests 
for  components 

5.1  B 

This  procedure  assumes  that  the  computer 
boards  have  already  been  connected 
properly 

5. 1C 

Position  and  attach  components  being 
tested  onto  aluminum  plank 

5. ID 

Attach  aluminum  plank  to  the  Platen  inside 
the  vacuum  chamber  with  copper  mesh 
between  the  metal  to  help  promote 
conduction  (see  Fig  15} 

5. IE 

Connect  wiring  between  thermocouple 
board  on  computer  and  thermocouple 
breakout  board  (see  Fig.  1) 

5. IF 

Connect  wiring  between  relay  board  on 
computer  and  left  relay  breakout  board  (see 
Fig- 1) 

5.1G 

Connect  wiring  between  relay  board  on 
computer  and  right  relay  breakout  board 
(see  Fig.  1) 

5.1  H 

Connect  wiring  between  thermocouple 
breakout  board  (0A  to  OB)  (see  Fig.  1  &  2) 

5.11 

Connect  wiring  between  thermocouple 
breakout  board  (1 A  and  1  B)  and  aluminum 
plank  (see  Fig.  1  &  2) 

5.1  J 

Connect  wiring  between  thermocouple 
breakout  board  (2A  and  28)  and  oven  (see 
Fig.  1  &  2) 

5. IK 

Connect  wiring  between  thermocouple 
breakout  board  (3A  and  3B)  and  oven  (see 

Fig  1  &  2) 
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5.1  L 

Conned  wiring  between  left  relay  breakout 
board  (4)  and  (+)  12  VDC  on  HE1 04  Power 
Board  on  computer  (see  Fig.1  p  3) 

5.1M 

Connect  wiring  between  left  relay  breakout 
board  (5)  and  Camera  (see  Fig.1  &  3) 

5  IN 

Conned  wiring  between  left  relay  breakout 
board  (8)  and  (+)  12  VDC  on  HE104  Power 
Board  on  computer  (see  Fig.1  &  3) 

5.10 

Conned  wiring  between  left  relay  breakout 
board  (9)  and  (+)  LED's  (see  Fig.1  &  3) 

5. IP 

Conned  wiring  between  left  relay  breakout 
board  (44)  and  (+)  12  VDC  on  HE104  Power 
Board  on  computer  (see  Fig.1  &  3) 

5  IQ 

Conned  wiring  between  left  relay  breakout 
board  (45)  and  (+)  DS-13  UP  connection  on 
Left  Wiring  Interface  inside  chamber  (see 

Fig  1 ,3  &  24) 

5.1  R 

Conned  wiring  between  left  relay  breakout 
board  (48)  and  (+)  12  VDC  on  HE104  Power 
Board  on  computer  (see  Fig.1  &  3) 

5. IS 

Conned  wiring  between  left  relay  breakout 
board  (49)  and  (+)  DS-13  DN  connection  on 
Left  Wiring  Interface  inside  Chamber  (see 
Fig.1 1  3  &  24) 

5. IT 

Conned  wiring  between  right  relay  breakout 
board  (4)  and  {+)  5  VDC  on  HE104  Power 
Board  on  computer  (see  Fig.  1  &  4) 

5.1  U 

Conned  wiring  between  right  relay  breakout 
board  and  (+)  oven  solid  state  relay  (see 

Fig.  1  &  4) 

5.1V 

Connect  wiring  between  HE104  Power 

Board  on  computer  and  LEDfs  (see  Fig.  1 ) 

5  1 W 

Conned  wiring  between  HE104  Power 

Board  on  computer  and  Camera  (see  Fig.  1) 

5. IX 

Conned  wiring  between  H  E104  Power 

Board  on  computer  and  Oven  Solid  State 
Relay  (see  Fig.  1) 
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5  1 Y 

Conned  wiring  between  HE104  Power 

Board  on  computer  and  Emulator 
connection  on  Left  Wiring  interface  inside 
chamber  (see  Fig.  1  &  24) 

5.1Z 

Conned  wiring  between  HE104  Power 

Board  on  computer  and  Emulator 
connections  on  Rear  Wiring  Interface  inside 
chamber  (see  Fig.  1  &  26) 

5.1  AA 

Conned  wiring  between  Solid  State  Relay 
and  SSR  connections  on  Left  Wiring 

Interface  inside  chamber  (see  Fig.  1  &  24) 

5  IBB 

Connect  wiring  between  Solid  State  Relay 
and  Emulator  connection  on  HE1 04  Power 
Board  (see  Fig.  1) 

5. ICC 

5  1 DD 

5  1  EE 

Conned  wiring  between  oven  controllers  #1 
and  #2  and  oven  controllers  #3  and  #4  {see 

Fig.  1) 

5. IFF 

Conned  wiring  between  oven  controllers  #\ 
and  #3  and  #4  to  oven  (see  Fig.  1 ) 

5.1GG 

Connect  wiring  between  oven  controllers  # 
through  #4  to  RTD's  (see  Fig.  1) 

5.1  HH 

Conned  wiring  between  Emulator 
connections  on  Left  Wiring  Interface  outside 
chamber  and  Emulator  (see  Fig.  28  &  34) 

5.111 

Connect  wiring  between  SSR  connection 
on  Left  Wiring  Interface  outside  chamber 
and  5V  DC  Power  Supply  (see  Fig.  28  &  33) 

5  1 JJ 

Conned  wiring  between  Emulator 
connections  on  Rear  Wiring  Interface 
outside  chamber  and  Emulator  (see  Fig.  30 
&  34) 
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5.1  KK 

Caution:  To  avoid  possible  hardware 
damage ,  when  working  with  electronic 
components  ensure  a  good  ground 

5.2 

Test  Setup  for  Thermocouples 

5.2A 

Position  Is'  set  of  thermocouples  at 
locations  (see  Fig.  1 ): 

*  Camera 

*  Oven  controller  #2 

*  Oven  controller  #3 

*  Oven  controller  #4 

5.2B 

Position  2nd  set  of  thermocouples  at 
locations  (see  Fig.  1) 

*  Oven  controller  #1 

*  Oven 

*  Oven  Solid  State  ReEay 

*  VGA  Board  on  Computer 

*  Thermocouple  board  on  Computer 

52C 

Connect  wiring  of  1 ST  set  of  thermocouples 
to  thermocouple  connections  on 
Thermocouple  Wiring  Interlace  inside 
chamber  (see  Fig.  1  &  23) 

5  2D 

Connect  wiring  of  2na  set  of  thermocouples 
to  thermocouple  connections  on  Right 

Wiring  Interface  inside  chamber  (see  Fig.  1 
&25) 

5.2E 

Connect  wiring  between  1 a  set  of 
thermocouple  connections  on 

Thermocouple  Wring  Interface  outside 
chamber  and  wiring  interface  on  Data 
Acquisition  System  (see  Fig  27  Si  31) 

5.2F 

Connect  wiring  between  2nQ  set  of 
thermocouple  connections  on  Right  Wring 
Interface  outside  chamber  and  wiring 
interface  on  Data  Acquisition  System  (see 

Fig.  29  &  31) 

6.0 

Component  Testing 
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6.1 

Ambient  Functional  Verification  Test 
(VFT) 

6  1 A 

Activate  Power  Supply  and  set  output  to  5 
VDC 

6. IB 

Turn  on  Emulator 

6. 1C 

Look  for  visual  feedback  with  DS-13  DN 
indication 

indication  Observed 

6.1  D 

Turn  off  Emulator  master  switch 

6.2 

Vacuum  Functional  Verification  Test 

6. 2  A 

Ensure  all  wires  are  clear  of  door 

6.2B 

Close  door  to  chamber 

6.2C 

Tighten  down  door  clamps 

6. 2D 

Under  mode  three,  begin  by  opening  the 
turbo  pump  roughing  valve  (FV06)  and 
activating  the  roughing  pump  (VP03)  from 
the  HMI  Vacuum  Chamber  Overview 

Screen  on  the  Operator  Interface  Enclosure 
(see  Fig.  8) 

Note:  Gaseous  Nitrogen  source  must  be 
hooked  up  and  pressurized  to  actuate 
valves. 

6.2E 

The  chamber  must  be  roughed  down  to 
approximately  5x1  O'2  Torr  before  the 
t  u  rbopu  m  p  is  a  ct  i v  ated .  0  nee  th  i  s  pre  ssu  re 
is  reached  turn  on  the  turbopump  from  the 
HMI  Vacuum  Chamber  Overview  Screen  on 
the  Operator  Interface  Enclosure  (see  Fig, 

8) 

Note:  Prior  to  operating  turbo  pump  ensure 
a  flow  of  water  has  been  establish  through 
pump 
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6.2F 

Sun/ivable  Profile: 

*  -60°C  (-5°C  /+0°C)  to  +74°C  (+5°C  /- 
0°C) 

Operational  Profile: 

*  -45°C  (-5°C  /+0°C)  to  +45°C  (+5°C  P 
0°C) 
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6.2G 

On  the  HMI  Segment  Temperature  Setup 
and  Trend  Screen  of  the  Operator  Interface 
Enclosure  (see  Fig.  7)  set  the  segments  as 
followed: 

Seoment  1: 

Ramp  Rate:  1°C/min 

Dwell  Temp:  -60°C 

Dwell  Time:  30  mins 

Dwell  Time  to  increase  if 
components  temperature  has  not 
reached  -60°C 

Segment  2: 

Ramp  Rate:  2°C/min 

Dwell  Temp:  -45°C 

Dwell  Time:  30  mins 

Dwell  Time  to  increase  if 
components  temperature  has  not 
reached  -45°C 

Segment  3: 

Ramp  Rate:  2°C/min 

Dwell  Temp:  74°C 

Dwell  Time:  30  mins 

Dwell  Time  to  increase  if  components 
temperature  has  not  reached  74°C 

Segment  4: 

Ramp  Rate:  2°C/min 

Dwell  Temp:  45°C 

Dwell  Time:  30  mins 

Dwell  Time  to  increase  if 
components  temperature  has  not 
reached  45DC 
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62H 

When  the  chamber  reaches  a  high  vacuum 
initiate  the  heating  /  cooling  mode  of  the 

TCU  from  the  HMI  Segment  Temperature 
Setup  and  Trend  Screen  of  the  Operator 
Interface  Enclosure  (see  Fig.  7).  Record 
start  time.  Record  the  temperature  of  the 
platen  on  the  HMI  Vacuum  Chamber 
Overview  Screen.  Record  the  vacuum  level 
on  the  HMI  Vacuum  Chamber  Screen. 

Start  Time 

Temperature 

Vacuum  Level 

Note:  Liquid  Nitrogen  source  must  be 
hooked  up  and  pressurized  to  cool 
chamber.  Also  Prior  to  starting  cycle  turn  on 
liquid  pump  (PI  04)  and  ensure  a  flow  of  at 
least  12  GPM  from  the  HM3  Vacuum 
Enclosure  Screen  on  the  Operator  Interface 
Enclosure  (see  Fig  5) 

6.21 

Start  logging  thermocouple  reading  on  the 
Data  Recording  Computer  (see  Fig.  32) 

6.2J 

When  chamber  reaches  the  dwell 
temperature  of  segment  one  record  time, 
temperature  of  the  platen,  and  vacuum 
level. 

Chamber  {5)  Dwell  Temp  #1 : 

Time 

Temperature 

Vacuum  Level 
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6.2K 

When  components  being  tested  reach  -60°C 
(-5°C  /+0°C)  record  time,  temperature  of  the 
platen,  vacuum  level 

Components  (5)  -SC^C: 

Time 

Temperature 

Vacuum  Level 

Note:  Components  being  tested  may  or 
may  not  reach  -60°C  (-5°C  /+0°C)  within  30 
minutes.  If  the  dwell  time  is  about  to  expire 
extend  the  dwell  time  on  the  HM!  Segment 
Temperature  Setup  and  Trend  Screen 

6.2L 

Using  the  HM1  Segment  Temperature  Setup 
and  Trend  Screen  end  segment  one 
(regardless  of  dwell  time  left)  and  proceed 
with  segment  two 

6  2  M 

When  chamber  reaches  the  dwell  temp  of 
segment  two  record  time,  temperature  of  the 
platen,  and  vacuum  level. 

Chamber  ®  Dwell  Temp  #2: 

Time 

Temperature 

Vacuum  Level 
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6.2N 

When  components  being  tested  reach  -45°C 
(-5°C  /+0°C)  record  time,  temperature  of  the 
platen,  vacuum  level  and  conduct 

Functional  Verification  Test  (FVT) 

Components  -45^C: 

Time 

Temperature 

Vacuum  Level 

Note:  Components  being  tested  may  or 
may  not  reach  ^5°C  (-5°C  /+0°C)  within  30 
minutes  If  the  dwell  time  is  about  to  expire 
extend  the  dwell  time  on  the  HMI  Segment 
Temperature  Setup  and  Trend  Screen 

6.20 

Activate  Power  Supply  and  set  output  to  5 
VDC 

62P 

Turn  on  Emulator 

6.2Q 

Look  for  visual  feedback  with  DS-13  DN 
indication 

Indication  Observed 

6.2R 

Turn  off  Emulator  master  switch 

6.2S 

When  FVT  is  finished,  using  the  HMI 

Segment  Temperature  Setup  and  Trend 
Screen  end  segment  two  (regardless  of 
dwell  time  left)  and  proceed  with  segment 
three 
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6.2T 

When  chamber  reaches  the  dwell  temp  of 
segment  three  record  time,  temperature  of 
the  platen,  and  vacuum  level. 

Chamber  @  Dwell  Temp  #3: 

Time 

Temperature 

Vacuum  Level 

6.2D 

When  components  being  tested  reach  74°C 
(+5°C  /-0°C)  record  time,  temperature  of  the 
platen,  vacuum  level  and  proceed  back 
down  to  ambient  temperature. 

Components  ©  74^C: 

Time 

Temperature 

Vacuum  Level 

Note:  Components  being  tested  may  or 
may  not  reach  74°C  (+5°C  /-0°C)  within  30 
minutes  If  the  dwell  time  is  about  to  expire 
extend  the  dwell  time  on  the  HMI  Segment 
Temperature  Setup  and  Trend  Screen 

6.2V 

Using  the  HMI  Segment  Temperature  Setup 
and  Trend  Screen  end  segment  three 
(regardless  of  dwell  time  left)  and  proceed 
with  segment  four 

6.2W 

When  chamber  reaches  the  dwell  temp  of 
segment  four  record  time,  temperature  of 
the  platen,  and  vacuum  level. 

Chamber  @  Dwell  Temp  #4: 

Time 

Temperature 

Vacuum  Level 
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6.2X 

When  components  being  tested  reach  45°C 
(+5°C  /-0°C)  record  time,  temperature  of  the 
platen,  vacuum  level  and  proceed  with 
Functional  Verification  Test  (FVT) 

ComDonents  ®  45^C: 

Time 

Temperature 

Vacuum  Level 

Note:  Components  being  tested  may  or 
may  not  reach  45°C  (+5°C  /-0°C)  within  30 
minutes  If  the  dwell  time  is  about  to  expire 
extend  the  dwell  time  on  the  HMI  Segment 
Temperature  Setup  and  Trend  Screen 

6.2Y 

Activate  Power  Supply  and  set  output  to  5 
VDC 

6.2Z 

Turn  on  Emulator 

6.2AA 

Look  for  visual  feedback  with  DS-13  DIM 
indication 

Indication  Observed 

6  2BB 

Turn  off  Emulator  master  switch 

6.2CC 

When  FVT  is  finished,  using  the  HMI 

Segment  Temperature  Setup  and  Trend 
Screen  end  segment  four  (regardless  of 
dwell  time  left)  and  proceed  with  system 
shutdown 

7.0 

System  Shutdown 

7.1 

TCU  Shutdown 

7.1  A 

Stop  Cycle  from  HMI  Segment  Temperature 
Setup  and  Trend  Screen 

7.1  B 

Stop  liquid  pump  (PI  04)  from  HMI  Vacuum 
Enclosure  Overview  Screen  on  Operator 
Interface  Enclosure 
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7.2 

Chamber  Shutdown 

7.2A 

When  chamber  has  reached  ambient 
temperature  loosen  door  clamps  but  do  not 
disengage 

7.2B 

Stop  all  vacuum  pumps 

7.2C 

Close  FV-06 

7, 2D 

To  reduce  buildup  of  condensation  first 
backfill  chamber  to  approximately  50  torr 
with  Gaseous  Nitrogen  then  fill  remaining 
with  air.  Open  FV-1 0  to  introduce  gas  and 
allow  chamber  pressure  to  rise  and  equalize 
with  the  atmospheric  pressure 

7.2E 

Disengage  door  damps  and  open  chamber 
door 

8.0 

Disassemble  Test  Setup 

8.1 

Disassemble  Thermocouples 

8.1  A 

Disassemble  steps  may  be  performed  out  of 
order. 

8. IB 

Disconnect  wiring  of  1sl  set  of 
thermocouples  to  thermocouple  connections 
on  Thermocouple  Wiring  Interface  inside 
chamber  (see  Fig.  1  &  23) 

8  1C 

Disconnect  wiring  of  2nd  set  of 
thermocouples  to  thermocouple  connections 
on  Right  Wiring  Interface  inside  chamber 
(see  Fig.  1  &  25) 

8.  ID 

Disconnect  wiring  between  1st  set  of 
thermocouple  connections  on 

Thermocouple  Wiring  Interface  outside 
chamber  and  wiring  interface  on  Data 
Acquisition  System  (see  Fig.  27  &  31) 
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8  IE 

Disconnect  wiring  between  2nd  set  of 
thermocouple  connections  on  Right  Wiring 
Interface  outside  chamber  and  wiring 
interface  on  Data  Acquisition  System  (see 

Fig.  29  &  31) 

8. IF 

Remove  1st  set  of  thermocouples  at 
locations  (see  Fig.  1): 

*  Camera 

*  Ove  n  co  ntro  1 1  e  r  #2 

*  Oven  controller  #3 

*  Oven  controller  #4 

8.1  G 

Remove  2na  set  of  thermocouples  at 
locations  (see  Fig.  1) 

*  Oven  controller  #1 

*  Oven 

*  Oven  Solid  State  Relay 

*  VGA  Board  on  Computer 

*  Thermocouple  board  on  Computer 

8.2 

Disassemble  Components 

8.2A 

Disassemble  steps  may  be  performed  out  of 
order. 

8.2B 

Disconnect  wiring  between  thermocouple 
board  on  computer  and  thermocouple 
breakout  board  (see  Fig.  1 ) 

8  2C 

Disconnect  wiring  between  relay  board  on 
computer  and  left  relay  breakout  board  (see 
Fig.  1) 

8. 2D 

Disconnect  wiring  between  relay  board  on 
computer  and  right  relay  breakout  board 
(see  Fig.  1 ) 

8,2E 

Disconnect  wiring  between  thermocouple 
breakout  board  (OA  to  OB)  (see  Fig.  1  &  2) 

8.2F 

Disconnect  wiring  between  thermocouple 
breakout  board  (1 A  and  1 B)  and  aluminum 
plank  (see  Fig.  1  &  2) 
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8  2G 

Disconnect  wiring  between  thermocouple 
breakout  board  (2A  and  2B)  and  oven  (see 
Fig.  1  &  2) 

8.2H 

Disconnect  wiring  between  thermocouple 
breakout  board  (3A  and  3B)  and  oven  (see 
Fig.  1  8  2) 

8.21 

Disconnect  wiring  between  [eft  relay 
breakout  board  (4)  and  (+)  12  VDC  on 

HE104  Power  Board  on  computer  (see 

Fig. 1,3) 

8.2J 

Disconnect  wiring  between  left  relay 
breakout  board  (5)  and  Camera  (see  Fig.1  & 
3) 

8.2K 

Disconnect  wiring  between  left  relay 
breakout  board  (8)  and  (+)  12  VDC  on 

HE104  Power  Board  on  computer  (see  Fig.1 
&  3) 

8.2L 

Disconnect  wiring  between  left  relay 
breakout  board  (9)  and  (+)  LED’s  (see  Fig.1 

8  3) 

8  2M 

Disconnect  wiring  between  left  relay 
breakout  board  (44)  and  (+)  1 2  VDC  on 
HE104  Power  Board  on  computer  (see  Fig.1 
a  3) 

82N 

Disconnect  wiring  between  left  relay 
breakout  board  (45)  and  (+)  DS-13  UP 
connection  on  Left  Wiring  interface  inside 
chamber  (see  Fig.1 ,3  &  24) 

8.290 

Disconnect  wiring  between  left  relay 
breakout  board  (48)  and  (+)  1 2  VDC  on 
HE104  Power  Board  on  computer  (see  Fig.1 
&  3) 

8.2P 

Disconnect  wiring  between  left  relay 
breakout  board  (49)  and  (+)  DS-13  DN 
connection  on  Left  Wiring  Interface  inside 
Chamber  (see  Fig.1  r  3  &  24) 
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8  2G 

Disconnect  wiring  between  right  relay 
breakout  board  (4)  and  (+)  5  VDC  on  HE104 
Power  Board  on  computer  (see  Fig.  1  &  4) 

8.2R 

Disconnect  wiring  between  right  relay 
breakout  board  and  (+)  oven  solid  state 
relay  (see  Fig.  1  8  4) 

8.2S 

Disconnect  wiring  between  HE1G4  Power 
Board  on  computer  and  LED's  (see  Fig  1) 

8.2T 

Disconnect  wiring  between  HE104  Power 
Board  on  computer  and  Camera  (see  Fig.  1) 

8.2U 

Disconnect  wiring  between  HE104  Power 
Board  on  computer  and  Oven  Solid  State 
Relay  (see  Fig.  1) 

8.2V 

Disconnect  wiring  between  HE1G4  Power 
Board  on  computer  and  Emulator 
connection  on  Left  Wiring  interface  inside 
chamber  (see  Fig.  1  &  24) 

8.2W 

Disconnect  wiring  between  HE104  Power 
Board  on  computer  and  Emulator 
connections  on  Rear  Wiring  Interface  inside 
chamber  (see  Fig.  1  &  26) 

8.2X 

Disconnect  wiring  between  Solid  State 

Relay  and  SSR  connections  on  Left  Wiring 
Interface  inside  chamber  (see  Fig.  1  &  24) 

8.2Y 

Disconnect  wiring  between  Solid  State 

Relay  and  Emulator  connection  on  HE104 
Power  Board  (see  Fig,  1) 

8.2Z 

Disconnect  wiring  between  Solid  State 

Relay  and  Oven  Solid  State  Relay  (see  Fig. 

D 

8.2AA 

Disconnect  wiring  between  oven  solid  state 
relay  and  oven  controllers  #1  and  #2  (see 

Fig.  D 

8.2BB 

Disconnect  wiring  between  oven  controllers 
#1  and  #2  and  oven  controllers  #3  and  #4 
(see  Fig.  1) 
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8  2CC 

Disconnect  wiring  between  oven  controllers 
#1  and  #3  and  #4  to  oven  (see  Fig.  1) 

8.2DD 

Disconnect  wiring  between  oven  controllers 
#  through  #4  to  RTD’s  (see  Fig.  1 ) 

8.2EE 

Disconnect  wiring  between  Emulator 
connections  on  Left  Wiring  Interface  outside 
chamber  and  Emulator  (see  Fig  28  &  34) 

8.2FF 

Disconnect  wiring  between  SSR  connection 
on  Left  Wiring  Interface  outside  chamber 
and  5V  DC  Power  Supply  (see  Fig.  28  &  33) 

8.2GG 

Disconnect  wiring  between  Emulator 
connections  on  Rear  Wring  Interface 
outside  chamber  and  Emulator  (see  Fig.  30 
&  34) 

8.2HH 

Detach  aluminum  plank  from  the  Platen 
inside  the  vacuum  chamber  and  remove 
copper  mesh  between  the  metal  (see  Fig. 

15) 

8.211 

Detach  components  being  tested  from 
aluminum  plank 

8.2JJ 

Caution:  To  avoid  possible  hardware 
damage ,  when  working  with  electronic 
components  ensure  a  good  ground 
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Figure  1:  Diagram  of  Component  set  up  with  location  of  test  thermocouples 


Thermocouple  Breakout  Board 


Figure  2:  Diagram  of  Thermocouple  board 
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Figure  3:  Diagram  of  Left  Board  of  the  Data  Acquisition  System 
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Firgure  4:  Diagram  of  Right  Relay  Board  of  the  Data  Acquisition  System 
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Figure  5:  HMI  Vacuum  Enclosure  Overview  Screen 
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Figure  6:  HMI  Flourinert  Temperature  Controller  Screen 
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SEGMENT  TEMPERATURE  SETUP 
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I  Om  I  Omit  I 

Figure  7:  HMI  Segment  Temperature  Setup  and  Trend  Screen 
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Figure  8:  HMI  Vacuum  Chamber  Overview  Screen 
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Figure  9:  HMI  Chamber  Controller  Screen 


Firgure  10:  HMI  Temperature  Historical  Screen 
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Figure  12:  HMI  Login  Screen 
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Figure  13:  Exterior  of  Vacuum  Chamber 


Figure  14:  Interior  of  Vacuum  Chamber 
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Figure  15:  Platen  with  Aluminum  Plank  and  Components 


Figure  16:  Thermal  Control  Unit  (TCU) 
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Figure  18:  Roughing  Pump  (VP03) 
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Figure  19:  Turbo  Pump  (FV06) 


Figure  20:  Liquid  Nitrogen  Source 
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Figure  21:  Gaseous  Nitrogen  Source 


Figure  22:  Test  Set  Up  of  Components,  Thermocouples  and  RTD’s 
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Wiring  Interaface  Inside  Chamber 


Figure  24:  Connection  of  Emulator,  SSR,  and  RTD  Wires  to  Left  Wiring 
Interface  Inside  Chamber 
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Figure  25:  Connection  of  2nd  Set  of  Thermocouple  Wires  to  Right  Wiring 
Interface  Inside  Chamber 
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Figure  27:  Connection  of  1st  Set  of  Thermocouple  Wires  to  Thermocouple 
Wiring  Interface  Outside  Chamber 


Figure  28:  Connection  of  Emulator,  SSR,  and  RTD  Wires  to  Left  Wiring 
Interface  Outside  Chamber 
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Figure  30:  Conection  of  Emulators  Wires  to  Rear  Wiring  Interface  Outside 

Chamber 
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Figure  31 :  Connection  of  Thermocouple  and  RTD  Wires  to  Wiring  Interface 
on  Data  Acquisition  System 


Figure  32:  Data  Recording  Computer 
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Figure  33:  Connection  of  Wires  to  DC  Power  Supply 


Figure  34:  Connection  of  Wires  to  Emulator 


RIGEX  T-VAC  PROCEDURE  AEIT  TP-03 


241 


Appendix  D:  RIGEX  Inflation  Filling  Procedure 


242 


RIG  EX  N?  Filling  Procedure 

Document  #:  RP-09 
Refease  Date:  17MAY2007 
Revision  Date: 


Air  Force  Institute  of  Technology 
Wright  Patterson  Air  Force  Base 


RIGEX  Inflation  System 
Nitrogen  Filling  Procedure  (RP-09) 


Prepared  by: 


Zachary  R.  Miller 
Ensign,  USN 
AFIT/ENY 


Approved  by: 


RICHARD  COBB 

RIGEX  Principal  Investigator 

AFIT/ENY 


AFITENY  RIGIX  N2  Filling  Procedure  (RP-09).DOC 


243 


RIG  EX  No  Filling  Procedure 
Document  #;  RP-09 
Release  Date :  17MA  Y2007 
Revision  Date: 

Page  i 


This  page  is  intentionally  left  blank 


AF1T  HNY  R1G1X  N2  Filling  P rotxdurc  ERP-0$>)JDOC 


244 


RIG  EX  No  Filling  Procedure 
Document  #;  RP-09 
Release  Date :  17MA  Y2007 
Revision  Date: 

Page  iii 


This  page  is  intentionally  left  blank 


AF1T  HNY  R1G1X  N2  Filling  P rotxdurc  ERP-0$>)JDOC 


246 


RIG  EX  N*>  Filling  Procedure 
Document  #.  RP-09 
Release  Date :  17MA  Y2007 
Revision  Date: 

Page  ]  _ _ 


Seq# 

Instructions 

Date 

Tech 

(nsp 

1.0 

Scope 

The  purpose  of  this  procedure  is  to  dictate 
step  by  step  how  to  fill  the  inflation  system 
on  RIGEX. 

The  primary  intent  is  to  explain  the  process 
of  filling  gaseous  nitrogen  into  the  tanks  on 
RIGEX  by  setting  up  a  configuration  of 
hoses  connecting  the  inflation  system  to  a 
vacuum  pump  and  a  nitrogen  source. 

To  fill  the  inflation  system  of  RIGEX  with 
gaseous  nitrogen  the  air  must  be  vacuumed 
out  first.  Once  the  system  is  under  a 
vacuum  the  gaseous  nitrogen  can  be 
added.  To  ensure  the  integrity  of  the 
system  a  pressure  rentention  test  will  be 
conducted  in  a  vacuum  chamber. 

2.0 

Materials  and  Components 

2.1 

Inflation  System  onboard  RIGEX 
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2.2 

Equipment  Needed 

*  Steel  braided  Hoses: 

o  7'  with  ’//  Male  Adapters 
o  3r  with  Y*  Male  Adapters 

*  Vacuum  Pump  Hose: 

o  7'  Standard 

*  Standard  Vacuum  Pump  Fitting 

*  Hose  Clamps  (4) 

*  1  .5"  Hose  to  1 ,5M  HPT  Threads  Male 
Connector 

*  1  .5"  to  V  NPT  Threads  Female 
Connector 

*  V*  Male  Adapter  with  1 11  NPT 

Threads 

*  Three-way  Valve  with  %” 

Compression  Fitting  (2)  and  %"  NPT 
Threads  (1) 

*  Y*”  Female  Adapter  with  %"  NPT 
Threads 

*  V*  Three-way  Union 

*  %”  Male  Connector  with  %"  NPT 
Threads  (2) 

*  Pressure/Vacuum  Gauge  (-30in.Hg  to 
30  psi) 

*  High  pressure  Regulator 

*  Vacuum  Pump 

*  Gaseous  Nitrogen  Source 

*  Screwdriver 

*  7/16"  Open-end  Wrenches  (2) 

*  7/8"  Open-end  Wrench 

*  Teflon  Tape 

*  Space  Simulator  Vacuum  System 

*  Data  Logging  System 

*  Wiring 
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2.3 


Additional  Documents  Needed: 

RIGEX  SPACE  SIMLUATOR 
VACUUM  SYSTEM  COMPONENT 
TESTING  (TP-03) 


3.0 


Setup  of  Connections  for  Nitrogen 
Source  and  Vacuum  Pump 


3.1 


Connecting  Vacuum  Pump  Hose  to  Vacuum  Pump  Fitting: 


Figure  1:  Connecting  Vacuum  Pump  Hose  to  Vacuum  Pump  Fitting 


3.2 


Using  Screwdriver  attach  standard  vacuum 
pump  fitting  to  vacuum  pump  hose  with 
hose  clamps  (2)  (see  Fig.  1) _ 
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3.3 

Connecting  Male  Connecter  to  Vacuum  Pump  Hose: 

l 


■  m-- 1  • 


Figure  2:  Connecting  Male  Connector  to  Vacuum  Pump  Hose 

3.4 

Using  Screwdriver  attach  Male  Connector 
(1 .5”  Hose  to  1.5”  NPT  Threads)  to  vacuum 
pump  hose  with  hose  clamps  (2)  (see  Fig.  2) 
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3.5 


Connecting  Male  Connector  to  Female  Connector: 


kn> 


m 


Figure  3:  Connecting  Male  Connector  to  Female  Connector 


3.6 


Wrap  Male  Connector  (1 .5”  Hose  to  1 .5” 
NPT  Threads)  with  Teflon  tape 


3.7 


Twist  Male  Connector  (1 .5”  Hose  to  1 .5” 
NPT  Threads)  into  Female  Connector  (1.5” 
to  1”  NPT  Threads)  (see  Fig.  3) _ 
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3.8 


Connecting  Male  Adapter  to  Female  Connector: 


Figure  4:  Connecting  Male  Adapter  to  Female  Connector 


3.9 

Wrap  Male  Adapter  (%”  with  1”  NPT 

Threads)  with  Teflon  tape 

3.10 

Using  7/8”  open-end  wrench  twist  Male 
Adapter  (1/4”  with  1”  NPT  Threads)  into 
Female  Connector  (1.5”  to  1”  NPT  Threads) 
(see  Fig.  4) 
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3.11 


Connecting  Male  Connector  to  T  Steel  Braided  Hose: 


3.12 


Figure  5:  Connecting  Male  Connector  to  T  Steel  Braided  Hose 

Using  7/16”  open-end  wrenches  (2)  secure 
Male  Connector  (%”  with  %”  NPT  Threads) 
to  %”  male  adapter  on  T  steel  braided  hose 
(see  Fig.  5) 
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3.13 


Connecting  T  Steel  Braided  Hose: 


V'" 


Figure  6:  Connecting  7’  Steel  Braided  Hose 


3.14 


Wrap  Male  Connector  (%”  with  %”  NPT 
Threads)  with  Teflon  tape 


3.15 


Using  7/16”  open-end  wrench  twist  Male 
Connector  (%”  with  %”  NPT  Threads)  on  7’ 
steel  braided  hose  into  high  pressure 
regulator  (see  Fig.  6) _ 
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3.16 


Connecting  Three-Way  Valve  to  Vacuum  Pump  Hose: 


Figure  7:  Connecting  Three-Way  Valve  to  Vacuum  Pump  Hose 


3.17 


Using  7/16”  open-end  wrench  secure  three- 
way  valve  to  %”  Male  Adapter  on  7’ 
standard  vacuum  pump  hose  (see  Fig.  7) 
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3.18 


Connecting  Three-Way  Valve  to  T  Steel  Braided  Hose: 


Figure  8:  Connecting  Three-Way  Valve  to  7’  Steel  Braided  Hose 


3.19 


Using  7/16”  open-end  wrench  secure  three- 
way  valve  to  %”  Male  Adapter  on  T  steel 
braided  hose  (see  Fig.  8) _ 
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3.20 


Connecting  Three-Way  Valve  to  Female  Adapter: 


Figure  9:  Connecting  Three-Way  Valve  to  Female  Connector 


3.21 


Using  7/16”  open-end  wrench  secure  three- 
way  valve  to  Female  Adapter  (%”  with  Va” 
NPT  Threads)  (see  Fig.  9) 
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3.22 


Connecting  Three-Way  Union  to  Female  Adapter: 


Figure  10:  Connecting  Three-Way  Union  to  Female  Adapter 


3.23 


Using  7/16”  open-end  wrenches  (2)  secure 
three-way  union  (%")  to  Female  Adapter 
W  with  VS  NPT  Threads)  (see  Fig.  10) 
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Figure  11:  Connecting  Three-Way  Union  to  Pressure/Vacuum  Gauge 


3.25 


Using  7/16”  open-end  wrench  secure  three- 
way  union  (%”)  to  pressure/vacuum  gauge 
(-30in.Hg  to  30  psi)  (see  Fig,  11) 


3.24 


Connecting  Three-Way  Union  to  Pressure/Vacuum  Gauge: 
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3.27 
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Instructions 


Figure  12:  Connecting  Three-Way  Union  to  3’  Steel  Braided  Hose 

Using  7/16”  open-end  wrenches  (2)  secure 
three-way  union  f!4”)  to  %”  Male  Adapter  on 

3’  steel  braided  hose  (see  Fig.  12) _ _ _ 
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3.28 


Connecting  Male  Connecter  to  3’  Steel  Braided  Hose: 


Figure  13:  Connecting  Male  Connector  to  3’  Steel  Braided  Hose 


3.29 


Using  7/16”  open-end  wrenches  (2)  secure 
Male  Connector  (14”  with  %”  NPT  Threads) 
to  14”  male  adapter  on  3’  steel  braided  hose 
(see  Fig.  13) 


Charging  Inflation  System 


4.0 


Connect  vacuum  pump  hose  to  vacuum 
pump 


4.1 


4.2 


Connect  high  pressure  regulator  to  gaseous 
nitrogen  source 


4.3 


Set  high  pressure  regulator  to  1  atm  (14.7 

£§!) 
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4.4 

Turn  on  nitrogen  source  to  bleed  out  air  in 
hose 

Note:  Ensure  three-way  valve  set  to 
nitrogen 

4.5 

Turn  off  nitrogen  at  three-way  by  turning  to 
vacuum. 

4.6 

Using  7/16’'  open-end  wrenches  secure  Ya 
male  adapter  on  3'  steel  braided  hose  to  fill 
valve  on  RiGEX  inflation  subsystem 

4 .7 

Open  fill  valve  on  RIGEX  inflation 
subsystem 

4.8 

Turn  on  vacuum  pump.  Record  time  and 
pressure  from  pressure/ vacuum  gauge 
(-30in.Hg  to  30  psi) 

TIME: 

Pressure: 

4.9 

When  a  sufficient  vacuum  is  reached. 

Record  time  and  pressure. 

TIME: 

Pressure: 

4.10 

Turn  three-way  valve  to  nitrogen 

4.11 

Turn  off  vacuum  pump 

4.12 

When  pressure  equalizes  to  latm  (14.7  psi) 
record  time  and  pressure. 

TIME: 

Pressure: 
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4.13 

Close  fill  valve  on  RIGEX  inflation 
subsystem 

4.14 

Close  off  nitrogen  from  three-way  valve  by 
switching  back  to  vacuum  pump 

4.15 

Using  7/16”  open-end  wrenches  disconnect 

Vx  male  adapter  on  3*  steel  braided  hose 
from  fill  valve  on  RIGEX  inflation  subsystem 

4.16 

Repeat  steps  4.6  to  4.15  again  both  of  the 
other  two  RIGEX  inflation  subsystems 

4.17 

Vacuum  pump  on  (2no): 

TIME: 

Pressure: 

4.18 

Vacuum  is  reached  (2na): 

TIME: 

Pressure: 

4.19 

Pressure  equalizes  to  latm  (147  psi)  (2na). 

TIME: 

Pressure: 

4.20 

Vacuum  pump  on  (3rd): 

TIME: 

Pressure: 
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4.21 

Vacuum  is  reached  (3rd): 

TIME: 

Pressure: 

4.22 

Pressure  equalizes  to  latm  (14  7  psi)  (3rd). 

TIME: 

Pressure: 

4.23 

When  all  three  RIG  EX  inflation  subsystems 
are  filled  turn  off  nitrogen  source  and 
disconnect  high  pressure  regulator. 

4.24 

Store  filling  system  until  required  to  refill 
RIGEX  inflation  subsystem 

5.0 

Pressure  Retention  Test 

5.1 

Mote:  For  detail  instructions  on  operation 
vacuum  chamber  refer  to:  RIGEX  SPACE 
SIMLUATOR  VACUUM  SYSTEM 
COMPONENT  TESTING  {TP-G3) 

5.2 

Place  RIGEX  in  Space  Simulator  Vacuum 
System 

5.3 

Connect  wiring  between  pressure 
transducers  onboard  RIGEX  near  pressure 
vessels  and  wiring  interfaces  inside  vacuum 
chamber 

5.4 

Connect  wiring  between  wiring  interfaces 
outside  chamber  and  wiring  interface  on 
data  logging  system 
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5.5 

Close  door  to  chamber  and  place  under 
vacuum.  Record  time  and  pressure: 

Time 

Pressure: 

5.6 

Using  Labview  on  data  logging  computer 
begin  recording  pressure  levels  for  the  three 
inflation  subsystems  onboard  RIG  EX 

5.7 

When  a  high  vacuum  is  reached  record  time 
and  pressure: 

Time: 

Pressure: 

5.8 

Continue  logging  pressure  levels  on  data 
acquisition  system 

5.9 

Upon  completion  of  testing  at  a  high 
vacuum  record  time  and  pressure: 

Time: 

Pressure: 

5.10 

Return  vacuum  chamber  to  ambient 
pressure  and  open  door 

5.11 

Disconnect  all  wiring  between  pressure 
transducers  and  wiring  interfaces  inside 
chamber 

5.12 

tf  any  inflation  subsystem  fails  to  retain 
pressure  remove  RIGEX  from  vacuum 
chamber  and  inspect  for  leaks 

5.13 

Repair  leaks  where  necessary  and  refill 
RIGEX  inflation  subsystem  following  steps 
in  sequence  4 
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5.14 

Return  RIGEX  to  the  vacuum  chamber  and 
retest  pressure  retention  of  RIGEX  inflation 
system  following  steps  5.3  to  5.1 1. 

5.15 

Upon  return  of  acceptable  pressure 
readings  from  all  inflation  subsystems 
onboard  RIGEX  while  under  vacuum, 
testing  is  complete 
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1*  INTRODUCTION 
1*1  Purpose 

The  scope  of  this  document  is  to  provide  a  test  plan  for  random  vibration  testing  of  the  Rigizable 
Inflatable  Get-Away  Special  Experiment  (RIGEX)  payload,  which  consists  of  the  R1GEX  Assembly 
mounted  inside  of  the  Canister  for  All  Payload  Ejections  (CAPE)  Assembly, 

The  main  objective  of  the  test  plan  is  to  perform  a  vibration  test  to  qualify  the  CAPE-RIG  EX  Assembly 
for  flight  in  the  Orbitcr  payload  bay  on  STS- 123:  where  it  will  be  mounted  in  Bay  13  on  the  starboard 
side  via  a  Small  Payloads  Accommodation  (SPA)  Beam. 

Dynamic  environment  tests  will  be  conducted  with  the  CAPE-RIGEX  Assembly,  mounted  on  a  rigid 
surface  to  simulate  the  interface  w  ith  the  SPA  Beam  in  the  Shuttle  cargo  bay.  No  structural  issues  or 
concerns  have  been  identified. 

1.2  Points  of  Contact 

The  RIGEX  information  is  provided  in  Table  1 . 


Table  1:  Space  Test  Program  (STP)  Points  of  Contact 


Position 

rtaiite 

Organization 

Phone 

E-mail 

RIGEX 

Cargo  Bay  Lead  PIE 

Scott  Ritterhousc 

ME! 

(281)483  3529 

Sc  ott .  d .  R  i  tte  rh  on  sc  ftnasa .  gov 

RIGEX 

Back  up  PIE 

Carson  Taylor 

OSS 

(281)483  3491 

Carson  .a,Taylortf.nasa,gov 

RIGEX 

Safely  Engineer 

Theresa  Shaffer 

ME! 

(281)483  8669 

th  e  re  sa .  m .  shaffc  ral  nasa,  gov 

RIGEX 

DoD  Payload  Mgr 

Matthew  Buddc. 

Major,  USAF 

STP 

(281)483-0361 

matthc w  i .  buddc  fa  na&a  gov 

1*3  Compliance  Documents 

*  NSTS  37329.  Rev.  B.  Structural  Integration  Analyses  Responsibility  Definition  for  Space  Shuttle 
Vehicle  and  Cargo  Element  Developers 

*  CAPE-FCP-0002  (  APE/RIGEX Fracture  Control  Plan 

*  CAP  E-M  S  V  P-000 1  CAPE/ICU  Mechanical  Systems  Verification  Plan 
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2 .  PAYLOAD  DESCRIPT  ION 
2.1  CAPE-RIG  EX  Assembly  Description 

The  CAPE-RIGEX  Assembly  is  attached  to  a  SPA  (Small  Payload  Accommodations)  Beam  on  the 
Orbiter  Sidewall,  in  Bay  13  starboard  for  STS- 123.  The  CAPE  Assembly  includes  an  outer  Canister  that 
acts  as  the  interface  between  the  Orbiter  Sidewall  and  RIG  EX  The  RiGEX  Assembly  is  bolted  to  the 
upper  flange  of  the  CAPE  Canister  with  32X  !4-: 28  bolts,  and  is  not  an  cjcctiblc  payload. 

The  CAPE  Canister  has  a  twenty-two  (22)  inch  inner  diameter  and  is  54  inches  long,  it  is  closed  at  the 
bottom  end  by  an  End  Cap  bolted  to  the  integrated  flange  on  the  cylinder.  The  RIGEX  'CAPE  Mounting 
Plate"  also  acts  as  the  lid  at  the  upper  end  of  the  Canister  and  the  rest  of  the  RIGEX  structure  is 
cantilevered  from  this  Plate  inside. 

The  Mounting  Plate  of  the  CAPE  Assembly  will  interface  w  ith  the  SPA  Beam  utilizing  the  bolt  pattern  on 
the  SPA  Beam. 

CAPE  MOUNTING 


CAPE  WITH  RIGEX  ORIENTATION  VIEW 
BAY  13,  STBD  SIDE 


Figure  I:  CAPE-RIGEX  Assembly  Mounted  to  Bay  13  SPA  Beam  (Figure  by  Boeing) 
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Figure  2;  CAPE-RIGEX  Assembly 
2.2  RIGEX  Assembly  Description 

RIGEX  is  a  Cargo  Bay  Payload  experiment  exploring  the  use  of  inflatable  and  ngidizable  structures  for 
use  on  operational  space  systems.  RIGEX  is  being  developed  by  graduate  students  at  the  Air  Force 
Institute  of  Technology  ( A  FIT). 

The  Orbitcr  crew  will  initiate  the  experiment  and  one  tube  at  a  time  will  heat,  inflate,  coo l/rig id izc,  and 
vent.  Data  and  pictures  will  be  collected  internally  by  RIGEX.  Mechanical  properties  of  the  rigidized 
structure  will  be  assessed  by  exciting  each  tube  using  a  piezoelectric  patch  on  the  cantilevered  end  to 
obtain  modal  characterization  data. 

The  RIGEX  primary  structure  consists  of  a  top  and  bottom  plate  and  four  vertical  outside  compartments 
surrounding  an  inner  compartment  as  shown  in  Figure  3.  All  primary  structure  consists  of  606 1-T6 
aluminum  alloy,  and  is  assembled  using  NAS  fasteners  with  locking  features  such  as  locking  heli coils, 
patch  lock  bolts,  or  locking  nuts.  Three  of  the  outer  compartments  will  house  an  individual  tube/oven 
assembly  and  the  fourth  Outer  compartment  will  house  the  avionics.  The  nitrogen  gas  Storage  cylinders 
will  be  housed  in  the  inner  compartment. 

In  order  to  protect  RIGEX  during  ground  processing  and  protect  the  inner  coating  of  the  CAPE  canister,  a 
Q.075,p  606I-T6  aluminum  shroud  is  being  added  that  will  enclose  the  outer  diameter  of  RIGEX 
experiment  from  the  top  plate  to  the  bottom  plate  Soft  bumpers  of  Delrin  will  be  attached  to  the  bottom 
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plate  of  the  R1GEX  experiment  in  order  to  protect  the  CAPE  inner  coatings  during  ground  processing 
Ground  Support  Equipment  (GSE)  handles  are  mounted  to  the  CAPE  Mounting  Plate  and  the  Oven 
Mounting  Plate  for  ground  operations  and  to  provide  a  stable  footing  for  RIG  EX  ground  operations 
outside  of  the  CAPE.  Handles  will  be  removed  for  flight, 


Figure  3:  RIG  EX  Assembly  (cables  not  shown) 


2.3  Differences  Between  the  Flight  Article  and  Test  Article 

The  test  article  will  consist  of  all  flight  hardware  with  the  following  exceptions: 

1 )  Pigtail  cables  visible  in  Figure  2  will  be  GSE  test  cables  rather  than  the  flight  cables.  Flight 
cables  will  be  routed  along  the  CAPE  Cable  Guide  and  along  the  Shear  Plate  mounting  fasteners 
as  shown  in  Figure  4,  Each  cable  will  be  restrained  eight  or  nine  P -clamps  for  flight  For  testing, 
each  of  the  GSE  cables  will  be  restrained  with  one  P-clamp  after  it  emerges  from  the  CAPE 
Mounting  Plate.  The  remaining  cable  length  will  be  coiled  and  restrained  nearby  using 
temporary  means  (i.e  tape)  as  necessary  for  vibration  testing. 

2)  Tire  three  composite  Sub-Tg  tubes  (labeled  in  Figure  3)  will  not  be  the  flight  tubes,  but  will  be 
identical  to  the  flight  tubes.  These  will  be  replaced  with  the  flight  tubes  at  AFIT  following  the 
vibration  and  EMI  testing. 
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3*  INTEGRATED  TEST 
3*1  Test  Requirements  Review 

As  soon  as  possible  and  prior  to  the  test  program.  Space  Test  Program  (STP)  personnel  will  meet  with  the 
facility  personnel  and  review  the  test  requirements,  discuss  the  test  flow,  and  establish  the  w  orking 
relationships  between  STP  and  the  facility  personnel 

3*2  Test  Readiness  Review 

Prior  to  the  start  of  the  test  a  Test  Readiness  Review  (TRR)  will  be  conducted  betw  een  STP  personnel 
and  the  test  facility  personnel  .  The  purpose  of  the  TRR  will  be  to  ensure  that  the  hardware  is  ready  for 
testing  and  the  facility  is  ready  to  conduct  the  test.  Items  reviewed  at  the  TRR  will  include  the  Test 
Requirement  Document  (i.e,,  the  test  plan  or  task  preparation  sheet).  Test  Article  Hazard  Analysis,  TRR 
Summary  Sheet  (verifies  that  there  are  on  issues  with  the  test),  Draw  iugs  as  required,  and  any  personnel 
certifications  required. 

3*3  Test  Fixture 

The  STP  will  provide  the  Vibration  Adaptor  Plate,  part  number  MGSE20075002-3G1,  required  to  mount 
the  CAPE-RIG  EX  Assembly  to  the  vibration  shaker  head  during  testing.  The  test  facility  will  provide 
certified  lifting  and  handling  equipment  for  this  plate  as  required.  Tire  Vibration  Adapter  Plate  has  many 
holes  with  3/8-24  UNF  threads  suitable  to  use  as  lift  points,  which  weighs  approximately  215  lbs.  The 
twelve-hole  pattern  marked  with  bubble  number  2  in  Figure  5  arc  the  holes  used  for  mounting  the  CAPE- 
RIG  EX  Assembly  to  the  Vibration  Adapter  Plate. 
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3*4  Structural  Stiffness 

The  design  goal  for  the  CAPE/R1GEX  is  to  have  a  natural  frequency  above  35  Hz  The  fundamental 
frequency  verification  shall  be  submitted  to  the  JSC  Structures  Working  Group  (SWG)  and  the  inode! 
verification  will  be  required  per  NSTS  14046  para  5. 1 J  .3.2  if  the  fundamental  frequency  is  below  35  Hz 
for  the  sidewall  The  CAPE/RIGEX  fundamental  frequencies  arc  assessed  at  the  payload  to  GAS  Beam 
interface,  which  are  assumed  to  be  fixed. 

If  the  fundamental  frequency  is  less  than  35  hertz  for  the  sidew  all  and  dynamic  model  verification  is 
required,  a  test  plan  will  be  submitted  to  the  SWG  for  review  and  approval  at  least  60  days  prior  to  the 
tests  In  addition,  a  detailed  model  correlation  report  will  also  be  submitted  to  the  SWG  for  review  and 
approval.  If  the  first  fundamental  frequency  is  below  35  hertz,  the  design  limit  load  factors  in  NSTS 
2KHHMDD-SML,  Table  4.0.4.2.4-lcan  not  be  used  for  the  CAPE/RIGEX 

3*5  Structural  Stiffness  Verification  (Sine  Sweep  Test) 

The  fundamental  frequency  w  ill  be  verified  by  sine  sweep  testing  pre  and  post  vibration  testing  as 
allow  ed  by  NASA -STD -5002  para  4.2.61  The  results  of  this  w  ill  be  compared  to  the  predicted 
frequencies  of  the  FEM.  The  sine  sweep  tests  will  consists  of  a  series  of  0,25  G  sweeps  in  each  axis  from 
10  to  200  Hz  <20  to  200  Hz  minimum)  at  maximum  rate  of  2  oct/min  (0  5  oct/min  minimum) 

Preliminary  analysis  shows  that  a  0,25  G  sine  sweep  up  and  down  be  adequate  to  determine  if  the  system 
will  react  in  a  Linear  fashion.  However,  a  real-time  assessment  will  be  made  as  to  w  hether  additional 
sw  eeps  at  alternate  levels  w  ill  be  conducted  if  deemed  necessary'  to  assess  system  non-linearities,  The 
test  will  be  conducted  in  the  following  manner; 

1 .  Measure  and  record  the  torque  values  of  the  bolts  connecting  the  test  article  to  the  vibration  tabic. 

2.  Sine  Sweep  at  0.25  g  from  10  to  200  Hz  and  from  200  to  10  Hz  (minimum  20  to  200  Hz)  at  a 
maximum  rate  of  2  oct/min  (minimum  of  0  5  oct/min) 

3.  Perform  vibration  test. 

4.  Sine  Sweep  at  0.25  g  from  10  to  200  Hz  and  from  200  to  10  Hz  (minimum  20  to  200  Hz)  at  a 
maximum  rate  of  2  oct/min  (minimum  of  0.5  oct/min). 

5.  Brief  examination  of  test  data. 

6.  If  needed,  repeat  sw  eep  at  higher  level  to  check  linearity'  and  repeatability'  before  continuing, 

7.  Sw  itch  to  next  axis  and  repeat  steps  1-6. 

8.  Switch  to  next  axis  and  repeat  steps  1-6. 

3*6  Random  Vibration 

3,6.1  Rand  om  Vi  b  rat  i  o  n  E n vi  ron  m  ent 

The  maximum  expected  flight  level  (MEFL)  for  CAPE/RIGEX  is  developed  using  the  random  vibration 
environment  in  NSTS  2  lOOO-lDD-SML  Table  4. 1 ,6.2 .2- 1  for  all  three  axes.  The  workmanship  level  is 
defined  in  NASA-STD-7001  Table  1,  which  corresponds  to  6.8  Gnus.  The  protofiight  vibration  test 
(PVT)  level  for  CAPE/RIGEX  will  envelope  these  levels  in  each  axis.  All  of  these  levels  are  tabulated 
below  in  Table  2.  and  derived  as  shown  in  Figure  6.  It  should  be  noted  that  the  PVT  level  for 
CAPE/RIGEX  does  not  add  3  dB  to  the  spectra  as  N  ASA-STD-700 1  states  since  JSC  does  not  require  it 
to  be  added 
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Table  2:  Random  Vibration  Test  Levels 


X-Axis 

FREQ  (Hz) 

ASD 

(Gs/Hz) 

20.00 

0.010000 

80.00 

0.040000 

500.00 

0.040000 

2000.00 

0.010000 

Y-Axts 

FREQ  (Hz) 

ASD 

(G2/Hz) 

20.00 

0.010000 

45,00 

0,060000 

800.00 

0.060000 

2000.00 

0.010000 

Z-Axis 

FREQ  (Hz) 

ASD 

(G2/Hz) 

20.00 

0.010000 

70.00 

0.050000 

500.00 

0.050000 

2000.00 

0.010000 
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Figure  6:  Sidewall  Random  vibration  design  conditions  for 
CAPE/RIG  EX 

FtlGEX  ProtofligM  Random  Vibration  Environment 

X-A»s  Envelope 


RIGEX  Proto High t  Random  Vibration  Environment 

Y-Axr6  ETwelcpe 
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RIGEX  Proiorigtn  Random  Vibration  Environment 

2-Aks  Envelope 


RIGEX  Protollight  Random  Vibration  Environment  -  Summary  of  Test  levels 
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3.6.2  Random  Vibration  Environment  Verification 

The  CAPE-RIGEX  Assembly  will  be  tested  to  the  protoflight  levels  as  shown  in  Table  2  and  Figure  6,  in 
each  axis  for  60  seconds  in  accordance  with  NASA -STD-7001  Para  4.2. 1 .  The  CAPE-R1GEX  Assembly 
will  be  in  flight  configuration  with  the  exceptions  as  listed  in  Section  2.3  of  this  document. 

Sine  sweep  testing  will  be  done  before  and  after  each  random  vibration  test  to  verify  no  damage  has 
occurred  per  section  3,5  of  this  document. 

The  Vibration  test  for  each  axis  shall  start  at  -12dB  and  increase  in  3dB  increments  until  0  dB  is 
reached* 

3.6.3  Force  Limit 

Force  limiting  is  not  required  or  planned, 

3.7  Roles  and  Responsibilities 

3.7.1  Hard  ware  Pro  v  i  der 

The  hardware  provider  will  designate  a  test  director  and  associate  test  director.  The  test  director  and 
associate  test  director  shall  have  the  authority  to  make  changes  to  the  test  procedure  during  the  test. 

3.7.2  J  SC  Test  F  aci  I  i  ty  Person  nei 

The  test  facility  will  provide  alb  calibrated  tools  required  for  the  test  and  any  technician  required  to 
conduct  the  test.  Quality  Engineer  and  Quality  Assurance  personnel  will  be  provided  by  the  test  facility 
for  the  Space  Test  Program  as  required.  All  riggers  for  moving  the  hardw  are  w  ill  be  provided  by  the  test 
facility. 

3.8  Description  of  Test  Set  Up 

3.8.1  Test  Set  Up 

The  test  set  up  is  shown  in  Figure  7 

3.8.2  Instrumentation  Locations 

The  CAPE-RIGEX  Assembly  test  article  w  ill  be  instrumented  w  ith  a  series  of  tri-axial  and  single  axis 
accelerometers.  A  total  of  over  20  channels  w  ill  be  available  for  recording  data  during  the  testing. 

Control  accelerometer  data  channels  arc  included  as  part  of  the  available  channels.  The  accelerometer 
locations  w  ere  chosen  using  engineering  judgment:  these  locations  are  shown  in  Figure  7  and  described  in 
Table  3  The  accelerometers  show  n  as  red  circles  are  tri-axial  accelerometers  and  those  shown  as  blue 
triangles  arc  single  axis  accelerometers. 
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Figure  7:  Instrumentation  Locations 
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Table  3:  A ecdero meter  Locations 


Channel 

Type 

Locations 

Direction 

1 

Tri-Axial 

Shown  as  #  l  in  Figure  7.  CAPE  Canister,  first  rib  clown  from  the  CAPE  Lid 

X 

2 

Tri-Axial 

Shown  as  l  in  Figure  7.  CAPE  Canister,  lirst  rib  down  From  the  CAPE  Lid 

Y 

3 

Tri-Axial 

Shown  as  8 1  in  Figure  7.  CAPE  Canister,  first  rib  down  From  (he  CAPE  Lid 

Z 

4 

Tri-Axial 

Shown  as  #2  in  Figure  7.  Mounted  as  close  as  possible  to  the  center  of  the  CAPE  Lid 

X 

5 

Tri-Axial 

Shown  as  #2  in  Figure  7.  Mounted  as  close  as  possible  to  the  center  of  the  CAPE  Lid 

Y 

6 

Tri-Axial 

Shown  as  #2  in  Figure  7.  Mounted  as  close  as  possible  to  the  center  of  the  CA  PE  Lid 

2 

7 

Tri-Axial 

Shown  as  #3  in  Figure  7.  Eight  Shear  Plate,  comer  near  Upper  Cable  Guide 

X 

8 

Tri-Axial 

Shown  as  #3  in  Figure  7.  Right  Shear  Plate,  comer  near  Upper  Cable  Guide 

Y 

9 

Tri-Axial 

Shown  as  #3  in  Figure  7.  Right  Shear  Plate,,  comer  near  Upper  Cable  Guide 

Z 

10 

Tri-Axial 

Shown  as  #4  in  Figure  7.  Left  Shear  Plate,  comer  near  Upper  Cable  Guide 

X 

19 

Tii- A\ial 

Shown  as  #4  in  Figure  7.  Left  Shear  Plate,  corner  near  Upper  Cable  Guide 

Y 

12 

Tri-Axial 

Shown  as  #4  in  Figure  7.  Left  Shear  Plate,  comer  near  Upper  Cable  Guide 

Z 

13 

Tri-Axial 

Shown  as  #5  in  Figure  7.  CAPE  Hndcap  (at  bottom),  1  SO  deg  From  Mounting  Plate 

X 

14 

Tri-Axial 

Shown  as  #5  in  Figure  7.  CAPE  Hndcap  (at  bottom),  1  SO  deg  From  Mounting  Plate 

Y 

15 

Tri-Axial 

Shown  as  #5  in  Figure  7.  CAPE  Hndcap  (at  bottom),  1 80  deg  from  Mounting  Plate 

Z 

16 

Tri-Axial 

Shown  as  #6  in  Figure  7.  RIG  EX  bottom  surface,  under  computer  bay  (toward  CAPE  Left  Shear 

Plate) 

X 

17 

Tri-Axial 

Shown  as  #6  in  Figure  7.  RJGFX  bottom  surface,  under  computer  bay  (toward  CAPE  Left  Shear 

Plate) 

Y 

18 

Tri-Axial 

Shown  as  86  in  Figure  7.  RIGEX  bottom  surface,  under  computer  bay  (toward  CAPE  Left  Shear 

Plate) 

Z 

19 

Tri-Axial 

Shown  as  @7  in  Figure  7.  RIGEX  bottom  surface,  same  orientation  as  #5  on  CAPE 

X 

20 

Tri-Axial 

Shown  as  81  in  Figure  7.  RIG  FIX  bottom  surface,  same  orientation  as  #5  on  GAPE 

Y 

21 

Tri-Axial 

Shown  as  8 7  in  Figure  7.  RIGEX  bottom  surface,  same  orientation  as  85  on  CAPE 

Z 

22 

Single  Axis 

Shown  as  in  Figure  7,  Mounted  on  CAPE  Lid,  along  bolt  circle  to  RIGEX  Top  Plate,  at  1  fifl  deg 
from  Mounting  Plate 

Z 

23 

Single  Axis 

Shown  as  @9  in  Figure  7,  Mounted  on  CAPE  Lid,  along  holt  circle  to  RIGEX  Top  Plate,  at  90  deg 
From  Mounting  Plate  (tow  aid  Left  Shear  Plate) 

z 

24 

Single  Axis 

Shown  as  8 10  in  Figure  1.  Mounted  on  CAPE  Lid,  along  boll  circle  to  RIGEX  lop  Plate,  at  0  deg 
(toward  Mounting  Plate) 

z 

25 

Single  Axis 

Show  n  as  #1 1  in  Figure  7.  Mounted  on  CAPE  Lid,  along  bolt  circle  to  RIGEX  Top  Plate,  at  270 
deg  (toward  Right  Slieur  Plate) 

z 
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3.8.3  Excitation  Method,  Levels,  and  Application  Points 

Sine  Sweeps  will  be  measured  by  accelerometers  at  several  locations  on  the  CAPE-R1GEX  Assembly 
hardware  which  will  determine  the  natural  frequencies  of  the  structure. 


3.9  Boundary  Conditions 

3.9.1  Support  Structure 

The  test  article  does  not  have  am  support  structure.  Therefore,  there  is  no  support  structure  that  can 
participate  in  the  test  frequency  range. 

3.9.2  “F  ree-F  ree”  T  est 

Not  Applicable.  The  test  set  up  docs  not  require  a  suspension  system. 

3 JO  Test  Reports 

The  test  facility  will  prepare  a  test  report  detailing  all  test  data  collected  in  their  standard  format  for  flight 
hardware  Typically  the  test  report  is  completed  within  ten  working  days  after  the  test  has  been 
completed  This  test  report  will  include  all  data  collected  from  the  accelerometers,  phase  angle  data 
associated  with  the  instrumentation,  control  accelerometer  data,  and  any  anomalies  encountered  during 
the  testing  The  test  report  w  ill  also  include  any  pictures  that  were  taken  of  the  test  article  and  the  test  set 
up. 

4,  LINEARITY 

Any  significant  non -linearities  w  ill  be  identified  where  the  data  collected  allow  $. 

5*  TEST  SPECIMEN  MATH  MODEL 

A  finite  element  model  (FEM)  of  the  CAPE-RIGEX  Assembly  is  constructed  and  used  to  predict  natural 
frequencies  and  mode  shapes  of  the  overall  system  The  CAPE- RIG  EX  Assembly  FEM  is  shown  in 
Figure  8. 
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Figure  8:  Finite  Element  Model  of  CAPE  RIG  EX  (2  views) 
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6.  PRETEST  ANALYSIS  AND  RESULTS 

Tabic  4  and  Figure  9  show  the  prelim inary  modal  analysis  of  the  CAPE-R1GEX  system  Analysis 
indicates  one  frequency  below  35  Hz  -  at  30.22  Hz  -  but  the  mass  fraction  associated  with  this  mode  is 
only  2%:  and  therefore  it  may  be  considered  not  significant.  The  first  two  dominant  modes  are  are  at  55.3 
Hz  -  although  this  also  has  a  fairly  low  mass  fraction  of  6%  -  and  68.2  Hz 


Table  4:  CAPE-RIGEX:  Natural  Frequencies  with  Mass  Fraction 


MODAL  EFFECTIVE  MASS  FRACTION 

MODE 

NO. 

FREQUENCY 

T1 

T2 

T3 

Hz 

FRACTION 

SUM 

FRACTION 

SUM 

FRACTION 

SUM 

1 

30.22 

0.00 

0.02 

n  m 

n  m 

0.0G 

2 

55.31 

0.06 

0.06 

3.33 

0.02 

0.01 

0.01 

3 

58.16 

0.27 

0.33 

0.00 

0.02 

0.01 

0.02 

4 

63.54 

0,34 

0.67 

0.00 

0.02 

0.00 

0.02 

5 

97.06 

D  00 

0.67 

0.01 

0.02 

0,49 

0.51 

6 

102.75 

0.00 

0.67 

0.40 

3.^3 

0.00 

0.51 

7 

123.26 

D.0C 

0.66 

0.00 

0.43 

0.00 

0,52 

a 

146.04 

0.00 

0.68 

0.05 

0.48 

0.28 

080 

9 

152,16 

0.01 

0.68 

0.00 

0.43 

0.00 

0.30 

10 

166.35 

DOO 

3.68 

0.00 

0.43 

0.02 

0,32 
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Figured:  Preliminary  Modal  Analysis  of  the  CAPE-RIGEX  Assembly 
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1 .  CORRELATION  ANALYSIS 

Update  FEM  model’s  mass,  CG,  stiffness  to  reflect  test  article  and  test  results. 
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ACRONYMS 


AFIT 

Air  Force  Institute  of  Technology 

Canister  for  All  Payload  Ejections 

Center  of  Gravity 

DoD 

Department  of  Defense 

FEM 

Finite  Element  Model 

GSE 

Ground  Support  Equipment 

JSC 

Johnson  Space  Center 

NASA 

National  Aeronautics  and  Space  Administration 

PIE 

Payload  Integration  Engineer 

RIGEX 

Rig idi zablc  Inflatable  Get  Away  Special  Experiment 

SPA 

Small  Payload  Accommodation 

SIP 

Space  Test  Program 

SWG 

Structures  Working  Group 

Test  Readiness  Review 

United  States  Air  Force 
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Seq# 

Instructions 

Date 

Tech 

Insp 

1.0 

Scope 

The  purpose  of  this  procedure  is  to  dictate 
step  by  step  how  RIGEX  is  to  be  handled  at 
the  different  locations  that  it  will  undergo  a 
change  of  configuration. 

The  primary  intent  is  to  explain  safe 
methods  of  unpacking  and  repacking 

RIGEX  at  Johnson  Space  Center  (JSC) 
and  Kennedy  Space  Center  (KSC). 

1  Steps  may  be  performed  out  of  order  or 
omitted  with  Engineering  concurrence. 

2.  This  document  may  be  redlined  (with 
initials  and  date)  by  any  of  the  signatories 
on  the  coversheet  or  by  a  designated 
representative  listed 

here: 

3.  Where  uncontrolled  tools  are  specified 
(i.e.  "9/16  open-ended  wrench"),  these  may 
be  read  as  guidelines  and  not 
requirements.  Equivalent  alternates  may 
be  substituted 

2.0 

Materials  and  Components 
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2.1 

Components  Being  Shipped/Used  for 

Procedure:  (Refer  to  Shipping  List) 

•  Emulator,  part#  RIGEX_EGSE_1 

•  CAPE  Mounting  Plate,  part#  RIGEX-2006- 
1-P 

o  Lifting  Handles  (4),  part  #  RIGEX-2006-14-P 
each  attached  with  standard  1/4"-28  x  1/2<H 
long  screws  (4  per  handle) 
o  Connector  Cover  Plates  (2),  part  #  RIGEX- 
200 6- 24- P  each  attached  with 

NAS1 1 89E3P1 28  (Flat  Screw  w/  Patchlock: 
#10-32,  3/4"  long)  fasteners  (4  per  cover) 

•  Bag  of  NASI  351 N6-20  (Flat  Screw  w/ 
Patchlock:  3/8-24,  1"  long,  A286)  fasteners 
(24) 

•  RIGEX  Shipping  Assembly,  part  #  RIGEX- 
SHIP20G7-P 

o  Feet  (4):  part  #  RIGEX-2006-13-P  each 
attached  with  standard  1/4-23  x  1/2"  long 
screws  (4  per  foot) 

o  NAS8402-7  [Flange  Button  Screw:  #8-32, 

4/9"  long)  fasteners  (10)  and  triangular 
washers  (10),  part  #  RIGEX-2006- 

•  Pigtail  Cables  (2) 

•  P -Clamps  (2) 

•  Lifting  Handles  (4)  for  Experimental  Top 
Plate 

•  Bag  of  standard  1/4"-28,  1/2"  long 
screws  (16) 

•  Deinn  Bumpers  and  Bumper  Fasteners 

•  Bag  of  remaining  NA38402-8  (Flange 
Button  Screws:  #8-32,  4/9" 

long)  fasteners  (42) 

•  Bag  of  remaining  Triangular 

Washers  (26) 
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2.2 

Shipping  Containers 

*  Emulator  Container 

o  Wooden  Crate 

*  Cape  Mounting  Plate  Container 
o  Wooden  Crate 

*  RIGEX  Shipping  Container 

o  Keal  Case 

2.3 

Equipment  Needed: 

2.3A 

Being  Provided  by  AFIT: 

*  Rubber  Mat 

*  KaptonTape 

*  Torque  Wrenches 

o  Large  (0  -  600  in*ibs) 
o  Medium  (0  - 150  in*lbs) 
o  Small  fO  -  24  in*lbs) 

2.3B 

Being  Provided  by  JSC  or  KSC  or  SIP: 

*  Phillip  Screwdriver  (#2  &  #3) 

*  Clearance  Block 

*  3/8 n  Drive  Socket  Set 

O  #2  Phillips 

o  #3  Phillips 
o  3/4”  Hex  Socket 

*  Va  Drive  Socket  Set 

0  #2  Phillips 

*  3/8"  Drive  Socket  Wrench 

*  9/1 6"  Open-End  Wrench 

*  Fork  Lift  with  Crane  adaptor  hook 

*  Web  Straps 

*  Lifting  Sling 

*  Diagonal  Cutters 

*  Zip -Ties 

*  Additional  P-Clamps  (4) 

*  NASI  351 N3-8  (Socket  Head  Cap 
Screw:  #10-32,  1/2"  long) 
fasteners(3) 

*  NAS620C10L  (Standard:  #10) 
washers  (3) 

*  Latex  gloves 
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2.4 

Additional  Documents  Needed 

*  Wave  3  Assembly(RP-1  B) 

*  Functional  Verification  Test 

Procedure  (RP-10) 

*  Shipping  List 

3.0 

Unpacking  of  RIGEX 

3.1 

Note:  This  Procedure  assumes  personnel 
handling  components  are  wearing  latex 
gloves  to  reduce  the  chances  of 
contamination  due  to  body  oils 

3.2 

Emulator 

3. 2  A 

Remove  any  shipping  labels  on  shipping 
container  that  might  interfere  with  opening 
of  wooden  crate 

3,2B 

Using  #2  Phillips  screwdriver  carefully 
remove  screws  holding  lid  of  the  wooden 
crate 

3.2C 

Remove  lid  from  wooden  crate 

3. 2D 

Remove  packing  material  inside  shipping 
container 

3.2E 

Remove  Emulator  from  shipping  container 
and  set  aside  until  needed  (FVTJVT  &  EMI) 

3.2F 

Put  packing  material  back  inside  shipping 
container 

3.2G 

Replace  lid  and  reinstall  screws 

3.2H 

Store  wooden  crate  until  time  to  return-ship 
to  AFIT 

3.3 

CAPE  Mounting  Plate 

3. 3  A 

Remove  any  shipping  labels  on  shipping 
container  that  might  interfere  with  opening 
of  wood  crate 

3.3B 

Using  #2  Phillips  screwdriver  carefully 
remove  screws  holding  lid  of  the  wooden 
crate 

3.3C 

Remove  lid  from  wooden  crate 

3. 3D 

Remove  packing  material  inside  container 
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33E 

Remove  bag  of  NASI 351 N6-20  (socket- 
head  cap  screw,  1 .25”  long)  fasteners  (24) 
that  connect  CAPE  Mounting  plate  to 
Experimental  Top  Plate 

3.3F 

Remove  CAPE  Mounting  Plate,  with  lifting 
handles  (4)  and  wiring  cover  plates  (2)  still 
attached,  and  set  aside  untit  ready  to  attach 
to  Experimental  Top  Plate  of  RIGEX 

3.3G 

Put  packing  material  back  inside  shipping 
container 

3.3H 

Replace  lid  and  reinstall  screws 

3.31 

Store  wooden  crate  until  time  to  return-ship 
to  AFIT 

3.4 

RIGEX 

3. 4  A 

Note:  Depiction  of  interior  of  RIGEX  should 
be  used  as  a  reference  only  for  RIGEX 
without  the  shroud 

3.4B 

Remove  any  shipping  labels  on  shipping 
container  that  might  interfere  with  opening 
of  container. 

3.4C 

Record  status  of  shock  indicators. 

Nominal  Failed 

Note:  If  any  are  failed,  a  thorough  visual 
inspection  is  required,  noting  any  damage. 

3.4D 

Remove  Zip-Ties  and  unlock  all  latches 
around  shipping  container 

3,4E 

Remove  both  sides  of  upper  casing  on 
shipping  container 
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3,41 


RIGEX  (With  Inner  Floor)  Resting  in  Shipping  Container 


Figure  2:  RIGEX  (With  Inner  Floor)  Resting  in  Shipping  Container 
Note:  Only  2  webstraps  required,  4  optional 


3  4J 


Attach  web  straps  to  feet  on  the  oven 
mounting  plate  of  RIGEX  (see  Fig.  2) 


3,4K 


Using  socket  wrench  with  3/4"  hex  socket, 
remove  the  four  bolts  connecting  the  inner 
floor  and  the  outer  floor  of  shipping 
container.  Secure  nuts  underneath  with 
3/4"  open-end  wrench. _ 
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3.4  Q 


RIGEX  (With  Inner  Floor)  Resting  on  Clearance  Block 


Removal  of  Bolts  Holding 
I  nner  Floor  to 

^Experimental  Top  Plate 

Figure  5:  RIGEX  (With  Inner  Floor)  Resting  on  Clearance  Block 


3.4R 


Using  socket  wrench  with  7/1 6"  socket, 
reach  under  the  inner  floor  of  shipping 
container  and  remove  bolts  and  washers: 
1/4”-28f  2  1/4”  long  (8)  connecting  the 
Experimental  Top  Plate  of  RIGEX  to  the 
inner  floor  of  the  shipping  container  (see 
Fig.  5,  34  8  35)  Bag,  tag  and  store  bolts. 

Note:  Keep  slight  tension  in  web  straps  for 
stability. _ 
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3.4S 


Lifting  RIGEX  off  Clearance  Block 


Figure  6:  Lifting  RIGEX  off  Clearance  Block 


3.4T 


Using  crane  lift  RIGEX  off  clearance  block, 
leaving  inner  floor  of  shipping  container 
centered  on  top  of  clearance  block  (see 

Fig-  6) 


3.4U 


While  suspended  from  crane,  remove  floor 
and  clearance  block,  and  maneuver  rubber 
mat  under  RIGEX. 

Note:  Position  RIGEX  at  far  end  of  mat. 
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3.4Y 


Tipping  RIGEX  Over  on  Rubber  Mat 


Figure  3:  Tipping  RIGEX  Over  on  Rubber  Mat 


3  4Z 


While  RiGEX  is  still  connected  to  crane 
with  web  strap,  use  the  assistance  of  the 
crane  operator  and  two  personnel  (with  one 
on  each  side  holding  a  foot  handle)  to 
gracefully  tip  over  RIGEX  and  lay  it  on  its 
side  on  top  of  the  rubber  mat  (see  Fig.  8) 


3.4AA 


Remove  web  strap  from  the  foot  on  the 
oven  mounting  plate  of  RIGEX 

Note:  Personnel  should  hold  RIGEX  in 
place  to  keep  from  rolling. _ 
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3.4BB 


RIGEX  Laying  on  its  Side  on  top  of  Rubber  Mat 


Placement  of  Lifting 
Handles  (4)  on 
Experimental  Top  Plate 


Figure  9:  RIGEX  Laying  on  its  Side  on 


top  of  Rubber  Mat 


3  4CC 


Using  medium  torque  wrench  with  #3 
Phillips  bit  attach  a  lifting  handle  to 
Experimental  Top  Plate  of  RIGEX  with 
standard  1/4"-28,  M2'  long  screws  (4  per 
lifting  handle)  (see  Fig.  9).  Attach  to 
topmost  position.  Torque  to  20  in*lb  above 
running  torque. 

Note:  Lifting  Handles  can  be  found  in  sub 
floor  of  RIGEX  shipping  container 


Mfr: 

Due  date: 


Cal  ID: 
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3.4GG 


RIGEX  Resting  Right-Side-Up  on  Rubber  Mat 


Removal  of  Lifting 
Handles  (4)  on 
Experimental  Top  Plate 


Figure  11:  RIGEX  Resting  Right-Side-Up  on  Rubber  Mat 


3.4HH 


Remove  web  strap  from  lifting  handle  on 
Experimental  Top  Plate 


3.411 


Using  #3  Phillips  screwdriver  remove  the 
lifting  handle  from  the  Experimental  Top 
Plate  of  RIGEX  by  removing  standard  1/4"’ 
28,  1/2°  long  screws  (4  per  lifting  handle) 
(see  Fig.  11)  Bag,  tag  and  store  handle  and 
fasteners. 
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3  4MM 

Attach  Shroud  and  Bumpers  to  RIGEX: 
follow  Seq#  3,2  to  3.6  of  W&ve  3  Assembly 
Procedure  (RP-1 B) 

Note:  Bumpers,  bumper  fasteners,  shroud 
fasteners  and  triangular  washers  can  be 
found  in  subfloor  of  RIGEX  shipping 
container 

Note:  Add  as^run  copy  of  RP-1  B  to  this 
document 

3.4NN 

Using  #2  Phillips  screwdriver  remove 
outboard  connector  cover  from  CAPE 
Mounting  Plate  by  removing  the 

NAS1 1 89E3P1 2B  (Flat  Screw  w/ 

Patchlock:  #10-32, 3/4"  long)  fasteners  (4) 

3400 

Place  CAPE  Mounting  Plate  on  top  of 

RIGEX  using  three  personnel;  two 
personnel  supporting  CAPE  Mounting  Plate 
from  attached  lifting  handles  (4)  while  third 
person  guides  pigtail  cables  through 
access  hole  on  CAPE  Mounting  Plate 

3.4PP 

Secure  CAPE  mounting  plate  and  outboard 
Connector  Cover  (attached  to  CAPE 
mounting  plate)  to  the  Experimental  Top 
Plate  of  RIGEX:  follow  Seq#  4.1  to  4.2  of 
Wave  3  Assembly  Procedure  (RP-1B) 

Note:  Inboard  Connector  Cover  will 
already  be  attached 
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34  QQ 

RIGEX  (With  CAPE  Mounting)  Plate  Resting  Right-Side-Up  on 

Rubber  Mat 


on  Rubber  Mat 
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3  4RR 

Using  medium  torque  wrench  with  #10  hex 
bit  secure  Pigtail  Cables  to  CAPE  Mounting 
Plate  with  P-Clamps  (4).  For  attaching  P- 
Clamps  (STP  Provided)  use  NASI 351 N3-8 
(Socket  Head  Cap  Screw:  #10-32,  1/2" 
long)  fasteners  (2)  and  NAS620C1GL 
(Standard:  #10)  washers  (2).  Running 
torque  should  be  2-13  in-lbs.  Applied 
torque  should  be  24-28  in-lbs  above 
running  torque. 

Runninq  +  Applied  =  Total 

Note:  Fortesting  purposes,  Cables  will  be 
restrained  with  only  one  P-clamp  each  at 
the  location  closest  to  the  Connector 

Covers. 

Mfr:  Cal  ID: 

Due  date: 

3.4SS 

Coil  up  rest  of  Pigtail  Cables  and  secure 
down  to  CAPE  Mounting  Plate  with  Kapton 
tape 

3.4TT 

If  RIGEX  is  not  being  inserted  into  CAPE  at 
this  time,  stop  here.  Unpacking  procedure 
is  finished.  If  RIGEX  is  being  inserted  into 
CAPE  proceed  with  sequence  3.5.  In  both 
cases,  assign  part  #  and  serial  #  to  REGEX: 
RIG EX-TST2007 -P,  ser  #  001 

3.5 

CAPE  Installation  Preparation 

3.5A 

Attach  the  swivel  joints  (4)  of  the  lifting  sling 
to  the  four  .25  x  20  inch  holes  in  the  CAPE 
Mounting  Plate,  (see  Fig.  13  &  35)  Torque 
to  100-125  in-lbs  above  running  torque. 

Mfr:  Cal  ID: 

Due  date: 
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35B 


Lifting  RIGEX  (With  CAPE  Mounting  Plate)  off  of  Rubber  Mat 


Figure  14:  Lifting  RIGEX  (With  CAPE  Mounting  Plate)  off  of  Rubber 

Mat 


3.5C 


Using  crane  lift  RIGEX  (with  CAPE 
Mounting  PJate)  off  the  rubber  mat  (see  Fig 


3.5D 


While  suspended  from  crane  maneuver 
clearance  block  under  RIGEX 
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35E 

Lowering  RIGEX  (With  CAPE  Mounting  Plate)  onto  Clearance  Block 

35F 


Figure  15:  Lowering  RIGEX  (With  CAPE  Mounting  Plate)  onto 
_ Clearance  Block  _ _ ^ _ 

Lower  RIGEX  (with  CAPE  Mounting  Plate) 
until  it  is  safely  resting  on  clearance  block 
(see  Fig.  15) 
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351 


Lifting  RIGEX  (With  Cape  Mounting  Plate)  to  CAPE 


Lifting  Sling 


f  Crane  ) 


Lifting  Handles  (4)  | 


Figure  17:  Lifting  RIGEX  (With  CAPE  Mounting  Plate)  to  CAPE 


3.5J 


Note:  Using  crane,  RIGEX  (with  CAPE 
Mounting  Plate)  can  now  be  lifted  in  its 
current  configuration  (see  Fig.  17)  and 
maneuvered  for  mounting  to  CAPE 


3.5K 


Note:  Remove  lifting  handles  from  cape 
mounting  plate  after  installation  into  CAPE 


4.0 


Repacking  of  RIGEX 


4.1 


Note:  This  Procedure  assumes  personnel 
handling  components  are  wearing  latex 
gloves  to  reduce  the  chances  of 
contamination  due  to  body  oils _ 
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4.2 


4.3 
4  3A 


43B 


4.3C 


N  ote :  Th  is  p  roced  ure  sta  rts  w  it  h  RIGEX 
(with  CAPE  Mounting  Plate)  suspended 
from  a  crane  with  lifting  sling  and  lifting 

handles  attached  to  CAPE  Mounting  Plate _ 

rmIex  _ 

Prior  to  packing  RIGEX  obtain  clearance 

block,  rubber  mat,  and  shipping  containers _ 

While  suspended  from  crane  maneuver 

clearance  block  under  RIGEX _ 

Lowering  RIGEX  (With  CAPE  Mounting  Plate)  onto  Clearance  Block 


Figure  18:  Lowering  RIGEX  (With  CAPE  Mounting  Plate)  onto 
Clearance  Block 


4  3D 


Lower  RIGEX  (with  CAPE  Mounting  Plate) 
until  it  is  safely  resting  on  clearance  block 
(see  Fig.  18) 
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4.3E 


RIGEX  (With  CAPE  Mounting  Plate)  Resting  on  Clearance  Block 


43F 


Figure  19:  RIGEX  (With  CAPE  Mounting  Plate)  Resting  on 
_ Clearance  Block  _ _ 

Using  medium  torque  wrench  with  #3 
Phillips  bit  attach  feet  (4)  to  the  Oven 
Mounting  Plate  on  RIGEX  with  standard 
1/4M-2St  1/2”  long  screws  (4  per  foot). 

Torque  to  20  in*lbs  above  running  torque. 

(see  Fig.  19) 


Note:  Keep  lifting  sling  under  tension  for 
stability. 


Mfr;  _  Cal  ID: 

Due  date: 
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4  3G 


Lifting  RIGEX  (  With  CAPE  Mounting  Plate)  off  Clearance  Block 


Figure  20:  Lifting  RIGEX  (  With  CAPE  Mounting  Plate)  off  Clearance 

Block 


43H 


Using  crane  lift  RIGEX  (with  CAPE 
Mounting  Plate)  off  clearance  block  (see 
Fig.  20) 


4.31 


While  suspended  from  crane  maneuver 
rubber  mat  under  RIGEX 
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4  3J 


Lowering  RIGEX  (With  CAPE  Mounting  Plate)  onto  Rubber  Mat 


Figure  21:  Lowering  RIGEX  (With  CAPE  Mounting  Plate)  onto 
Rubber  Mat 


4.3K 


Lower  RIGEX  until  it  is  safely  resting  on 
rubber  mat  (see  Fig.  21 ) _ 
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431 


RIGEX  (With  Cape  Mounting)  Plate  Resting  Right-Side-Up  on 
Rubber  Mat 


CAPE  Mounting  Plate 


Removal  of  Swivel 
Joints  (4)  of  lifting 
sling  from  CAPE 
Mounting  Plate 


Pigtail 

Cables 


.  v*/ 


RIGEX 


IfRlZfl 


Figure  22:  RIGEX  (With  Cape  Mounting)  Plate  Resting  Right-Side- 
Up  on  Rubber  Mat 


4.3M 


Detach  the  swivel  joints  (4)  of  the  lifting 
sling  from  the  four  .25  -  20  inch  holes  in 
the  Cape  Mounting  Pate,  (see  Fig.  36) 


4.3N 


Using  #2  Phillips  bit  remove  P -Clamps  from 
CAPE  Mounting  Plate  by  removing 
NASI  351 N3-8  (Socket  Head  Cap  Screw: 
#10-32,  1/2"  long)  fasteners  (2)  and 
NAS620C1 OL  (Standard:  #10)  washers  (2). 
Bag,  tag  and  give  to  STP. _ 
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4.3Na 

Remove  outboard  connector  cover  from 
CAPE  mounting  plate  by  removing  4 

NAS1 1 89E3P12B  with  #2  phillips  screw 
driver. 

4.30 

Guiding  cables  through  hole,  remove  CAPE 
Mounting  Plate  and  place  in  CAPE 

Mounting  Plate  shipping  container,  refer  to 
Seq#  4.1  to  4.2  of  Wave  3  Assembly 
Procedure  (RP-1 B).  Bag,  tag  and  place 
fastener  in  subfloor  of  RIGEX  shipping 
container. 

4.3P 

After  removing  CAPE  Mounting  Plate  from 
RIGEX  reinstall  outboard  connecter  cover 
with  NAS1 1 89E3P1 2B  (Flat  Screw  w/ 
Patchlock:  #10-32,  3/4"  long)  fasteners  (4 
each)  Use  medium  torque  wrench  with  #2 
Phillips  bit.  Torque  to  20  in-lbs  above 
running  torque 

Mfr:  Cal  ID: 
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4  3SJ 


RIGEX  Resting  Right-Side-Up  on  Rubber  Mat 


Figure  24:  RIGEX  Resting  Right-Side-Up  on  Rubber  Mat 


4  3V 


Using  medium  torque  wrench  with  #3 
Phillips  bit  attach  lifting  handle  to 
Experimental  Top  Plate  of  RIGEX  with 
standard  1/4" -28,  1/2"'  long  screws  (4  per 
handle)  (see  Fig.  24).  Torque  to  20  inlbs 
above  running  torque. 

Note:  Attach  handle  opposite  the 
anticipated  pivot  point. 


4.3W 


Attach  web  strap  to  lifting  handle  on 
Experimental  Top  Plate  of  RIGEX 
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4  3AA 


RIGEX  Laying  on  its  Side  on  top  of  Rubber  Mat 


Removal  of  Lifting 
Handles  (4)  on 
E^erimental  Top  Plate 

Figure  26  RIGEX  Laying  on  its  Side  on  top  of  Rubber  Mat 


4.3BB 


Using  #3  Phillips  Screwdriver  remove  lifting 
handle  from  Experimental  Top  Plate  by 
removing  the  1/4  -28,  1/2”  long  screws  (4 
per  handle)  (see  Fig.  26).  Bag,  tag  and 
place  fasteners  in  sub  floor  RIGEX  shipping 
container 

Note:  Lifting  Handles  are  to  be  stored  In 
subfloor  of  RIGEX  shipping  container 


4.3CC 


Attach  web  strap  to  foot  (top-most)  on  oven 
mounting  plate  of  RIGEX _ 
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43MM 

Using  medium  torque  wrench  with  7/16" 
socket,  reach  under  the  inner  floor  of 
shipping  container  and  attach  Experimental 
Top  Plate  of  RIGEX  to  the  inner  floor  of  the 
shipping  container  with  bolts  (1/4-28,  2 

1/4"  long  (8))  and  washers  (1/4"  flat 
washers(IO)). 

WARNING:  2  washers  are  required  (2 
locations)  to  avoid  contact  with  camera 
housing.  Locations  are  marked  on 
underside  of  subfloor. 

Torque  to  20  in*lbs  above  running  torque, 
(see  Fig.  30,  34  &  35). 

Note:  Keep  slight  tension  in  web  straps  for 
stability. 

Mfr:  Cal  ID: 
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4.3  m 


Lifting  RIGEX  (With  Inner  Floor)  off  Clearance  Block 


Figure  31:  Lifting  RIGEX  (With  Inner  Floor)  off  Clearance  Block 


4300 


Verify  all  components  stored  in  subfloor  of 
RIGEX  shipping  container:  refer  to  packing 
list 


4  300a 


Set  aside  (4)  shroud  fasteners  for  use  in 
step  4,3XX  before  proceeding. 


4.3PP 


Using  crane,  lift  RIGEX  (with  inner  floor)  off 
the  clearance  block  and  set  aside  block 
(see  Fig.  31) 


4.3QQ 


While  suspended  from  crane  maneuver 
outer  floor  of  shipping  container  under 
RIGEX  (with  inner  floor) _ 
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4.3RR 


Lowering  RIGEX  (With  Inner  Floor)  onto  Shipping  Container 


Figure  32:  Lowering  RIGEX  (With  Inner  Floor)  onto  Shipping 
Container 

Note:  2  webstraps  required,  4  optional 


4  3SS 


Lower  RIGEX  (with  inner  floor)  until  it  is 
safely  resting  inside  of  shipping  container 
(see  Fig.  32) 

Note:  Ensure  clocking  is  correct. 


4  3TT 


Using  socket  wrench  with  3/4"  hex  socket, 
attach  the  four  bolts  connecting  the  inner 
floor  and  the  outer  floor  of  shipping 
container.  Secure  nuts  underneath  with 
3/4"  open-end  wrench.  Tighten  until  5-6 
threads  are  visible  beyond  nylock  nut. 


43UU 


Remove  web  straps  (2)  from  feet  on  oven 
mounting  plate  of  RIGEX _ 
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4  3W 


RIGEX  with  Upper  Sides  of  Shipping  Container  Removed 


_ Figure  33:  RIGEX  with  Upper  Sides  of  Shipping  Container  Removed 

4  3 WW  ^Slide  shroud  over  RIGEX  (see  Fig.  33)  1  _ 

4  3XX  Using  small  torque  wrench  with  #2  Phillips 
bit  attach  shroud  to  RIGEX  with  NAS8402- 
7  (Flange  Button  Screws:  #8-32,  4/9" 
long)  fasteners  (4)  for  shipment.  Torque  to 
20  in*lbs  above  running  torque. 

Note:  Locations  of  fasteners  includes;  one 
on  each  side  of  Experimental  Top  Plate 
one  on  oven  mounting  plate,  one  along 
seam  of  Shroud 

Mfr:  Cal  ID:  „ _ _ 
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4.3YY 

Place  both  sides  of  upper  casing  back  on 
shipping  container 

4.3ZZ 

Lock  all  latches  around  shipping  container 
and  secure  with  Zip-Ties 

4.3AAA 

Add  Shock  Indicators 

4.4 

Emulator 

4. 4  A 

Remove  lid  and  place  Emulator  in  shipping 
container 

4.4B 

insert  packing  material  inside  container 

4  4C 

Place  lid  on  top  of  wooden  crate 

4.4D 

Using  #2  Phillips  Screwdriver  carefully 
tighten  down  screws  to  hold  lid  of  the 
wooden  crate 

4.5 

CAPE  Mounting  Plate 

4.5A 

Remove  lid  and  place  CAPE  Mounting 

Plate,  with  lifting  handles  (4)  and  wiring 
cover  plates  (2)  still  attached,  in  shipping 
container 

4.5B 

Place  bag  of  NASI  351 N6-20  (Flat  Screws 
w/  Patch  lock:  3/8-24,  1"  long,  A286) 
fasteners  (24)  that  connect  cape  mounting 
plate  to  experimental  top  plate  container 

4.5C 

Insert  packing  material  inside  container 

4.5D 

Place  lid  on  top  of  wooden  crate 

4,5E 

Using  #2  Phillips  Screwdriver  carefully 
tighten  down  screws  to  hold  lid  of  the 
wooden  crate 
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Figure  34:  Bottom  of  Shipping  Container  with  Inner  Floor 
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Figure  35:  inner  and  Outer  Floor  Separated 
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